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PREFACE 

Thk  Elements  oi  Hvdrostatics  seem  capable  of  being 
presented  in  a  simpler  form  than  that  in  which  they 
appear  in  all  the  works  on  the  subject  vnth.  which  I  &Ut 
ttcquaintetl.  I  have  therefore  attempted  to  give  a  simple 
explanation  of  the  Mathematical  Theory  of  Hydrostatics 
*nd  the  practical  application  of  it. 

Prior  to  the  publication  of  this  work  some  copies  were 
privately  circulated  with  a  view  to  obtain  opinions  from 
Teachei-s  of  experience  as  to  the  sufficiency  and  accuracy 
of  the  information  contained  in  it.  A  few  suggestions 
received  in  consequence  of  this  arrangement  will  be  found 
ill  the  Notes  at  the  end  of  the  volume. 

I  am  indebted  to  several  friends  for  the  collection  of 
Miscellaneous  Examples  given  in  Chapter  viii.  In 
conclusion  I  have  to  express  my  thanks  for  the  favour 
with  which  my  attempts*  to  simplify  the  course  of  Elenien- 
taiy  Mathematics  have  been  received  by  College  Tutors 
and  Masters  in  Schools. 

J.  HAMBLIN  SMITH. 
Cambridge,   1870. 
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HYDROSTATICS. 

CHAPTER    I. 

On  Fluid  Pressure. 

\f  HyDROfTATics  was  originally,  as  the  name  imports,  the 
science  which  tr^atod  of  the  Equilibrium  of  Fluids,  or  of 
bodies  in  equilibrium  under  the  action  of  forces  some  of 
wliich  are  jtroduced  b^i  ilie  action  ol  fluids,  it  is  now  ex- 
tended so  as  to  inohide  niiiny  otlicr  tbenrenis  relating'  to  the 
properties  of  fluids. 

2.  A  fluid  is  a  substance  whose  parts  yield  to  any  force 
impressed  on  it,  a»d  by  yielding  are  easily  moved  among 
tlicmselves. 

3.  This  definition  separates  fluids  from  rigid  bodies,  in 
which  the  particles  cannot  be  moved  among  each  other  by  any 
force,  however  great,  but  it  does  not  separate  fluids  from 
poicders,  such  as  flour,  in  winch  we  have  a  collection  of 
particles  which  can  be  moved  among  themselves  by  the  appli 
cation  of  a  sligiit  force. 

4.  A  fluid  difl'ers  from  a  powder  in  this  way :  the  particles 
comj)Osing  a  powder  do  not  move  among  themselves  without 
friction,  whereas  the  particles  that  make  up  a  fluid  move  one 
over  another  without  any  friction. 

For  example,  if  you  empty  a  mug  of  flour  on  a  table  the 
friction  between  the  particles  will  soon  bring  the  flour  to  rest 
in  more  or  less  of  a  heap :  whereas  if  you  empty  a  mug  of 
water  the  particles,  moving  without  friction,  run  in  all  direc- 
tions, and  tiie  whole  body  of  water  is  spread  out  into  a  very 
thin  sheet 
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5.  To  distinguish  fluiijs  from  powders  we  must  therefore 
make  an  addition  to  Art.  2,  and  we  give  the  following  as  a 
complete  definition  of  a  fluid. 

Def.  a  fluid  is  a  substance  whose  parts  yield  to  any  force 
impressed  on  it,  and  by  yielding  are  easily  moved  among 
them^lves  tcithout  friction,  and  also  act  without  friction  on 
any  surface  with  which  tJwy  are  in  contact. 

This  definition  includes  not  only  the  bodies  to  which  in 
ordinary  conversation  we  apply  the  terms  "fluid"  and  "liquid," 
such  as  water,  oil,  and  mercury,  but  also  such  bodies  as  air, 
g^  and  steam. 

6.  Fluids  may  be  conveniently  divided  into  two  classea, 
liquid  and  gaseous.  By  the  term  liquid  we  understand  an 
incompressible  and  inelastic  fluid.  In  reality  all  fluids  with 
which  we  are  acquainted  are  compressible,  that  is,  a  given 
volume  of  fluid  can  by  pressure  be  reduced  in  volume.  Still 
so  great  a  force  is  required  to  compress  to  any  appreciable 
extent  such  fluids  as  water  and  mercury,  that  we  may  regard 
them  as  incompressible  in  treating  of  the  elements  of  the 
subject. 

7.  The  inelastic  fluids  with  which  we  are  practically 
acquainted  approach  more  or  less  to  a  stiite  of  perfect  fluidity, 
but  in  all  tliere  is  a  tendency,  greater  or  less,  of  af\jacent 
particles  to  cohere  with  each  other.  This  tendency  is  stronger 
in  such  fluids  as  oil,  varnish  and  melted  glas.s,  than  in  such  as 
water  and  mercury.  Hence  the  former  are  called  imperfect 
or  viscous  fluids. 

8.  The  air  which  wo  breathe  and  gaacs  are  compressible 
fluids,  and  are  endowed  with  a  i)erfect  elasticity,  so  that  they 
can  change  their  shape  and  volume  by  compression,  and  when 

lie  conjpression  ceases  they  can  return  to  their  fonner  shape 
jid  volume. 

9.  "Vapours,  as  steam,  are  elastic  fluids,  but  with  this 
poctiliarity :  at  a  given  temperature  in  a  given  space  only  a 
certain  quiuitity  of  vajjour  can  be  contained,  and  if  the  space 
or  the  temperature  \>o  then  diminished,  a  portion  of  the 
?apour  iHJComes  liquid,  or  even  in  some  oases  a  solid. 

10.  Before  proceeding  further  with  our  Mibject  wo  nmst 
eiplain  the  meaning  of  some  technical  terms  which  wc  shall 
have  to  employ  frequently. 
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11.  A  Piston  ia  a  short  cylinder  of  wood 
or  inotal,  whicli  fits  exactly  the  cavity  of 
anotiicr  cylinder,  and  works  up  and  down 
alteriiiitcly. 

12.  A  Valve  is  a  closed  lid  affixed  to 
the  end  of  a  tube  or  hole  in  a  piston,  open- 
ing into  or  out  of  a  vessel,  by  moans  of  a 
hinge  or  other  soi-t  of  moveable  joint,  in  such 
a  manner  that  it  can  be  opened  only  in  one 
du'cction. 

13.  A  Prism  is  a  solid  figure,  the  ends 
of  which  are  parallel  equal  and  similar  plane 
figures,  and  the  sides  which  connect  the  ends 
ore  parallelograms. 

The  figure  represents  a  rectangular  prism,  in  which  each  of 
the  lines  bounding  tlie  sui'faces  of  the  prism  is  at  right  angles 
to  each  of  the  four  lines  which  it  meets. 


14.  We  shall  often  have  to  use  the  expression  Horizontal 
Section  of  a  tube  or  hollow  cylinder,  and  we  may  explain  the 
meaning  of  the  expression  by  the  following  example : 

(Suppose  a  gun-barrel  to  be  placed  in  a  vertical  [)08itiou : 
suppose  a  wad  to  be  part  of  the  way  down  the  barrel  with  its 
upper  surface  exactly  parallel  to  the  top  of  the  baiTcl:  tlieu 
Bui>poso  the  barrel  to  be  cut  away  so  as  just  to  leave  the 
upper  surface  of  the  wad  exposed :  the  area  of  this  surface  of 
the  wad  is  called  the  horizontal  section  of  the  barrel. 

15.  The  mathematical  theory  of  liydrostatics  is  fouii'^««d 
ou  two  laws,  which  we  shall  now  explain. 


ON  FLUID  PRESSURE. 


16.  Law  I.  The  force  exerted  by  afiu'id  on  any  surface, 
tcith  which  it  is  in  contact,  is  perpendicular  to  that  surface. 

17.  This  law  i&  merely  a  repetition  of  the  definition  of  a 
fluid  given  in  Art  5,  and  we  can  best  explain  its  meaning  and 
application  by  an  example. 

If  AB  be  a  cylinder  immersed  in  a  fluid  the  pressures  of 
the  fluid  on  the  curved  sui'face  are  all  perpendicular  to  the 


axitt  of  the  cylinder,  and  the  pressures  ot  the  fluid  ou  thu  flat 
ends  are  all  parulloi  to  the  axis. 

Now  it  is  u  law  of  Statics  that  a  force  Ijus  uo  tendency  to 
produce  motion  in  a  directi(»n  perpondiculur  to  its  own  direction. 

Hence  the  pressures  on  the  curved  surface  have  no  tend- 
ency to  produce  motion  in  the  diioction  of  the  axis,  and  the 
pres.sures  on  the  flat  ends  have  no  tendency  to  produce  motion 
in  u  direction  peri>cudicular  t«»  thu  axis. 

18.  Law  II.  Any  pressure  etnninunicated  to  l/ie  surface 
^f  a  fluid  is  equally  transiiutled  through  the  ic hole  fluid  in 
every  direction. 

19.  A  characteristic  property  of  fluids  which  distinguislu-s 
Uiuai  from  Holid  i)odiuH  is  iIiIh  fiicuity  wliich  they  possess  of 
tnuismittiii^'  ot|Uully  in  all  ilii(<!ii>ii«  i\w  |)M's.suiv.s  iipjilicd  to 
Uitiir  surfuuiM. 
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It  is  of  g^-eat  importance  to  fonn  a  correct  notion  of  the 
principle  of  "the  equal  transmission  of  pressure,"  a  principle 
wliicli  is  a[»plic:i,ble  to  all  fluids,  inasmucli  as  it  depends  upon 
a  property  which  is  assevt.ial  to  all  fluids  and  is  not  an  acci- 
dental property,  as  weight,  colour,  and  others. 

20.  Suppose  then  we  take  a  vessel  A  BCD,  in  the  form 
of  a  hollow  rectangular  prism,  and  place  it  on  a  horizontal 
table. 

Place  a  block  of  wood,  cut  to  fit  the  vessel,  so  that  it  regts 
on  the  base  BC  and  reaches  up  to  the  level  EF. 


J? 


-^ 


Then  if  we  place  a  weight  P  on  tlie  top  of  the  block  an 
additional  pressure  P  will  be  imposed  on  the  base  of  the 
prism. 

Now  suppose  the  block  to  be  removed  and  the  vessel  filled 
with  an  incompressible  fluid  up  to  the  level  of  EF. 

Suppose  a  piston  exactly  fitting  the  vessel  to  be  inserted 
and  a  jiressure  P  applied  by  means  of  it  to  the  surface  of  the 
fluid  at  EF. 

In  this  case  the  pressure  P  is  transmitted  by  means  of  the 
fluid  not  only  to  the  base  BC,  but  also  fo  t/ir.  sides  of  the  vessel, 
and  if  we  take  a  unit  of  area,  as  a  square  inch,  in  the  side  FO, 
and  a  unit  of  area  in  the  base  BC,  the  same  additional  pres- 
sure will  1)0  conveyed  to  each. 
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21.     Tluit  Jluids  transmit  pressure  equally  in  all  direc- 
tion* maybe  shewn  experimentally  in  the  follcncing  manner: 


ABC  is  a  vessel  of  any  shape  filled  with  fluid. 

Make  openings  of  equal  area  aX  A,  B,  C. 

Close  the  openings  by  pistons,  kojit  at  rest  by  such  a  force 
as  may  be  required  in  each  case.  Then  it  will  be  found  that  if 
any  additixmal  force  P  be  applied  to  the  piston  at  A,  the 
same  force  P  must  be  applied  to  each  of  the  pistons  at  B  and 
C  to  prevent  them  from  being  thrust  out. 

If  the  area  of  the  base  of  one  of  the  pistons,  as  B^  be  larger 
than  the  area  of  the  base  of  the  piston  A,  it  is  found  that  the 
pressure  which  must  b(>  applied  to  B  to  keej)  it  at  rest  boars 
the  same  relation  to  the  pressrtro  applied  to  A  that  the  area 
of  the  ba«e  of  B  bears  to  the  area  of  the  base  of  A. 

22.  Prom  the  preceding  article  it  is  clear  that  if  a  body  of 
fluid,  supposed  to  l>e  without  weight,  be  confined  in  a  closed 
vessel,  the  pressure  comnmnicated  to  the  fluid  by  any  area  in 
any  part  of  the  vessel  will  be  transmitted  equally  to  every 
equal  area  in  luiv  other  part  of  the  vessel. 

It  is  owing  to  tliis  fact  tliat  the  use  of  a  Safety  Valve  can 
be  depended  on. 
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Thus,  if  the  vessel  A  be  full  of  steam  and  the  pressure  of 
the  steam  be  required  to  be  kept  down  to  200  Tbs.  on  the 
square  inch,  if  a  valve  B,  whose  area  is  a  square  inch,  be 
placed  at  any  part  of  the  vessel,  and  be  so  loaded  that  it  will 
require  a  force  of  200  lbs.  to  raise  it,  then  if  the  steam  acquire 
an  increase  of  pressure  above  200  lbs.  on  the  square  inch,  the 
valve  will  open,  and  will  remain  open  till  the  pressure  of  the 
steam  is  just  equal  to  200  lbs.  on  the  square  inch. 

23.  Any  force,  liowever  small,  may  by  the  transmission 
of  its  pressure  throtcgh  a  fluid,  be  made  to  support  any 
weight,  however  large. 


Suppose  DE  and  FH  to  be  two  vertical  cylinders,  con- 
nected by  a  pipe  EH,  and  suppose  FIT  to  have  a  horizontal 
section  much  larger  than  the  horizontal  section  of  DE:  for 
instance,  let  the  area  of  a  horizontal  section  of  FH  be  400 
square  inches,  and  the  area  of  a  horizontal  section  of  DE  bo 
1  square  inch. 

Now  if  water  be  poured  into  the  cylinders,  and  pistons  A 
and  B  be  applied  to  the  surface  at  D  and  F,  whatever  force 
we  apply  to  A  will  be  transmitted  to  each  portion  of  the  base 
of  the  piston  B  which  is  equal  in  area  to  the  base  of  the 
piston  A. 

Hence  a  pressure  of  1  lb.  applied  to  the  piston  A  will  pro- 
duce a  pressure  of  400  lbs.  on  the  base  of  the  piston  B,  and 
will  therefore  support  a  weight  of  400  lbs.  placed  on  the 
piston  B. 

This  effect  of  pressure  by  the  medium  of  a  fluid  is  often 
called  Tlie  Hydrostatic  Paradox. 
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Examples. — I. 

( 1 )  In  th  e  experiment  descri  l)ed  in  Art.  23,  i  f  the  horizontal 
section  of  the  small  cylinder  be  Ij  square  inches,  and  that  of 
the  larger  cylinder  64  sq.  iru,  find  the  weight  supported  under 
a  pressure  of  1  ton  exerted  on  the  piston  of  the  small  cylinder. 

(2)  If  the  horizontal  section  of  the  .small  cylinder  be  I  \ 
square  inches,  and  that  of  the  large  cylinder  240  sq.  in.,  find 
the  weight  supported  by  a  pressure  of  3  cwt.  applied  to  the 
piston  of  the  small  cylinder. 

(3)  If  the  pistons  are  circular,  the  diameters  being  1^  inch 
and  50  inches,  find  the  weight  siipported  by  a  pressure  of 
15  lbs.  applied  to  the  smaller  piston.  (N.B.  The  areas  of 
circles  are  as  the  squares  of  their  diameters,) 

(4)  A  closed  vessel  full  of  fluid,  with  its  npper  surface 
horizontal,  has  a  weak  part  in  its  upper  surface  not  capable 
of  bearing  a  pressure  of  more  tluin  A\  pounds  on  the  sijuarc 
foot.  If  a  piston,  the  area  of  which  is  2  square  inches,  be 
fitted  into  an  aperture  in  the  upper  surface,  what  pressure 
applied  to  it  will  burst  the  tossoI  ? 

(6)  A  closed  vessel  full  of  fluid,  witli  its  upper  surface 
horizontal,  has  a  weak  part  in  its  upper  surface  not  cajmblc  of 
l)caring  a  pressure  of  more  than  Olbs.  ufMrn  the  square  foot. 
If  a  piston,  the  area  of  which  is  one  square  inch,  be  fitted  into 
an  aperture  in  the  upjwr  surface,  what  pressure  applied  to 
it  will  burst  tlio  vessel  ? 

(fl)    If  the  horizontal  section  of  the  Hinall  cylinrlor  be   I J 

iqoare  indies,  and  the  diameter  of  the  large  pi.ston  20  indifs, 

find  the  lifting  iH>wer  of  Ihu  maoliiiie  under  a  pressure  of  I  ton 

exerted  on  the  piston  of  the  small  tube.     (N.li.     The  urea  of 

22 
a  circle  is-r-  times  the  ttquare  of  lliu  rudiui  nearly.) 
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The  pressure  at  any  point  in  any  direction  in  a  fluid 
is  ft  coKventioual  expression  used  to  denote  the  pressure  on  a 
unit  of  area  imagined  as  containing  tlie  point,  and  perpendicu- 
lar to  the  direction  in  question. 

For  exsRuple,  if  tlie  whole  pressure  of  a  fluid  on  the 
l>ottom  of  a  vessel  is  2000  lbs.,  and  tlie  pressure  is  uniform 
throughout,  th«n  if  we  take  a  square  inch  as  tlie  unit  of  area, 
and  the  area  of  tlie  bottom  ot  the  vessel  is  40  square  inehcs, 

the  pressure  aA  a  point  in  the  base  is  -— -  lbs.  or  50  lbs. 

25.  The  student  must  carefully  observe  the  distinction 
between  the  expressions"  pressure  o«  a  point  "and"  pressure  rti 
a  point" :  the  former  is  zero,  because  a  point  has  no  magnitude. 

26.  If  a  mass  of  fluid  is  at  rest,  any  portion  of  it  may  be 
supposed  to  become  rigid  without  afiecting  the  conditions  of 
equilibrium. 

Thus  if  we  consider  any  portion  A  of  the  fluid  in  a  closed 
vessel,  we  may  suppose  the  fluid  in  A  to  become  solid,  while 
tlie  rest  of  the  fluid  remains  in  a  fluid  state,  or  we  may  suppose 
the  fluid  round  A  to  become  solid,  while  the  fluid  in  A 
remains  in  a  fluid  state. 


27.  The  importance  of  the  principle  laid  down  in  the  pre 
ceding  article  may  be  seen  from  the  following  considerations. 
Tlie  laws  of  Statics  are  proved  ouly  in  the  case  of  forces  acting 
on  rigid  bodies.  Now  since  the  supposition  of  any  part  of  a 
fluid  becoming  solid  does  not  aflcct  the  action  of  the  forces 
acting  upon  it,  and  since  we  can  in  that  case  obtain  the  efl'ect 
of  those  forces  by  the  laws  of  Statics,  we  shall  know  tlieir 
effect  on  the  fluid. 


ON  FLUID  PRESSURE. 


28.  If  a  body  of  fluid,  supposed  to  be  without  weigK,  be 
confined  in  a  closed  vessel,  so  a^  to  exactly  fill  the  vessel,  an 
equal  pressure  will  be  exerted  on  the  fluid  by  every  equal 
area  in  the  sides  of  the  vessel  (Art.  22),  and  we  jirocced  to 
shew  that  the  pressure  is  the  same  iu  all  directicus  at  every 
point  of  the  fluid. 

For  let  O  be  any  point  m  the  fluid,  and  AB,  CD  two  plane 
surfaces,  each  representing  a  unit  of  area,  i)a88ing  through  O 


and  ijurallol  to  two  sides  of  the  vessel  EF,  GH.  Then  drawing 
straight  linos  at  right  angles  Ui  AB,CD  from  the  extremities 
of  AB,  CD  to  the  sides  of  the  vessel,  we  may  imagine  all  the 
fluid  except  that  contained  m  the  prism  ABNM  to  bocome 
solid. 

Thon  the  pressure  exortod  on  tlio  fluid  by  tlie  area  MN 
will  bo  transmitted  to  AB. 

Again,  if  we  8Ui)iH)se  all  the  fluid  except  that  contained  in 
tlie  prism  CDSR  to  become  solid,  the  pressure  exerted  on  the 
fluid  by  the  area  ^.V  will  be  transmitted  to  CD. 

Now  the  pressures  exerted  on  the  fluid  by  the  areas  AfN, 
RS  are  equal,  and  con80<iuontly  the  prosstires  on  Ali,  CD 
i»ill  be  equal,  that  is,  the  pressure  at  the  iwint  O  is  the  same 
in  <M  directiont. 

Also  since  the  distance  of  the  jwiiit  O  from  the  sides  of  the 
fCMol  is  not  involved  in  the  preceding  considerations,  it 
follows  tJiwt  Uie  pressure  is  the  same  at  "very  poitU 
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CHAPTER  II. 
On  the  Pressure  of  a  Fluid  acted  on  by  Gravity. 

29.  Ik  the  preceding  chapter  we  considered  the  conse- 
quences that  result  from  the  peculiar  property,  essential  to  all 
fluids,  of  tninsniitting  equally  in  all  directions  the  pressures 
ap[>lied  to  their  surface*. 

We  have  now  to  consider  the  effects  produced  by  the 
action  qf  gravity  upon  the  substance  of  a  fluid. 

30.  The  student  must  mark  carefully  the  distinction  be- 
tween force  applied  to  a  surface  and  force  applied  to  each 
of  the  j)article8  composing  a  body.  As  an  example  of  the.se 
distinct  forces  consider  the  case  of  a  book  resting  on  a  table. 
Force  is  applied  to  the  surface  of  the  book  by  the  table,  and 
thus  is  counterbalanced  the  force  of  gravity  which  acts  upon 
each  particle  of  which  the  book  is  composed. 

31.  All  fluids  are  subject  to  the  action  of  gravity  in  the 
same  way  as  solid  bodies.  Each  i)m'ticle  of  a  fluid  has  a  tiuidency 
to  fall  to  the  smface  of  the  earth,  ami  in  a  mass  of  fluid  at  rest 
there  is  a  particular  point,  called  the  centre  of  gi-avity,  at 
which  the  resultant  of  all  the  forces  exercised  by  the  attrac- 
tion of  the  Eiirth  on  the  particles  composing  the  fluid  may  be 
8upjK>sed  to  act. 

32.  The  term  density  is  applied  to  fluids,  as  it  is  to  solid 
bodies,  to  denote  the  degree  of  closeness  with  which  the  parti 
cies  are  packed. 


It  ON  THE  PRESSURE  OF  A  FLUID 

Wheu  we  speak  of  a  tluid  of  uniform  density,  wo  mean  that 
if  from  any  part  of  the  body  of  fluid  a  portion  be  taken,  and  if 
from  any  otiier  part  of  the  body  of  fluid  a  portion  like  in  form 
aud  equal  in  volume  to  the  former  portion  be  taken,  the 
Weights  of  the  two  portions  will  bo  equal. 


33.  If  a  vessel  bo  filled  with  a  heavy  fliud  of  uniform  density 
the  pressure  at  every  point  in  the  interior  of  the  fluid  will  not  be 
the  same,  because  the  pressure  which  results  from  the  action 
of  !r»"nvity  will  vary  in  magnitude  according  to  the  position  of 
the  point  in  tlio  containing  yensc]. 


Consider  a  closed  surface  of  small  dimeusious  containing 
the  point  A^  and  suppose  the  fluid  outside  the  closed  surface 
to  become  solid.  The  fluid  tcitkin  the  closed  surface  will 
exorcise  pressure  sigainst  the  su)*facu  at  every  point,  aud  these 
pressures  will  be  une<|ual,  because  the  fluid  is  acted  on  by 
g^mvity.  But  wo  may  conceive  that,  if  the  quantity  of  fluid 
within  tin)  surface  be  very  s^rnall,  the  diflferenco  between  the 
pressures  at  difl'eront  [mints  of  the  surface  will  be  very  small, 
and  when  the  surface  is  iiideflnitely  diminished  the  pressures 
exercised  by  the  fluid  at  each  point  of  the  surface  may  bo 
regarded  lis  e(|ual,  and  the  weiglit  of  the  fluid  may  be  neglected. 

Tlius  wo  can  consider  it  as  the  viimo  of  a  weightless  fluid 
and  api)ly  the  concliiMions  of  Art.  "JS. 

Hence  all  the  [>lanert  of  ecpial  area  which  can  bo  drawn, 
paHHJng  through  the  |K)int  A  and  not  exUMiding  beyond  t/u 
nruill  Mur/ac4,  may  be  oonsidered  Ui  bo  subjoct  to  equal 
preiMuru«. 
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'^0  we  conclude  that  in  a  heavy  fluid  of  uniform  density 

(1)  The  pressure  will  vary  from  point  to  point. 

(2)  The  pressure  will  be  the  same  in  all  directions  at  any 
particular  point. 

34.  We  have  next  to  consider  in  what  way  the  pressure 
varies  from  point  to  point  in  ^he  interior  of  a  fluid  of  uniform 
density  when  it  is  in  equilibrium,  and  first  we  shall  shew  that 
the  pressure  is  th.e  same  at  all  points  in  the  same  horizontal 
plane. 

Let  A  and  B  be  two  points  in  the  same  horizontal  plane  in 
the  interior  of  a  fluid  of  uniform  density. 


Imagine  all  the  fluid  contained  in  a  small  horizontal  cylin- 
der, of  which  AB  \%  the  axis,  to  become  solid. 
Then  the  forces  acting  on  the  cylinder  are 

(1)  The  fluid  pressures  on  its  curved  surface!  perpendicular 

(2)  The  weight  of  the  cylinder  )  to  the  axis. 

(3)  The  fluid  pressure  on  the  end  A\         „  ,  ^    ^, 
;',„.'  ,      V  parallel  to  the  axis 

(4)  The  fluid  pressure  on  tlie  end  B) 

Of  these  (1)  and  (2)  have  no  tendency  to  produce  motion  in 
the  direction  of  the  axis  (Art.  17). 

Therefore,  since  there  is  no  horizontal  motion, 

fluid  pressure  on  end  A  =  fluid  pressure  on  end  B. 

And  since,  the  ends  being  very  small,  the  pressure  at  every 
point  in  each  end  may  be  regarded  as  the  same, 

pressure  at  point  A  =  pressure  at  point  B. 
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o5.  The.  pressure  at  any  point  icithin  a  heavy  ivelaslit 
fluid,  not  exposed  to  external  pressure,  is  proportional  to 
the  depth  qf  that  point  below  tfie  turface  qf  tlie  fluid. 
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Let  P  and  Q  be  two  points  at  different  depths  below  the 
surface  of  the  fluid. 

Suppose  two  small  equal  and  horizontal  circles  to  be 
described  round  P  and  Q  as  centres. 

Then  suppose  the  fluid  in  the  two  small  vertical  cylinders 
Pj4,  QB,  oxtending.from'the  bases  P  and  Q  to  the  surface,  to 
become  solid. 

Now  the  forces  acting  on  the  cylinder  PjI  are 

(1)  The  fluid  pressures  on  its  curved  surface,  all  of"  which 
are  jHirpendicular  to  the  axis. 

(2)  The  weight  of  the  cylinder  | 

(3)  The  fltml  pressure  on  the  base  p\  P*"^"^'  ^  "'°  '"*'' 

Of  these  (1)  has  no  tendency  to  produce  motion  ui  the 
direction  of  the  axis  (Art.  17). 

Henco  since  there  Is  no  vertical  motion, 

fluid  pressure  on  ba.sc  P  =  weight  of  cj'Iindcr  PA. 
So  also,  fluid  pressure  on  base  <2  =  weight  of  cylinder  QB. 
Hbnee 
presstiro  at  point  P  :  pressure  at  point  Q 

::  prossiiro  on  base  P:  pressure  on  base  Q,  (Art.  24.) 
::  weight  of  cylinder  PA  :  weight  of  cylinder  QB, 
i:  length  of  PA  :  length  of  QB  (the  baaos  being  equal), 
::  depth  of  P  :  depth  of  Q 

Cob.     If  prosMure  at  /'  =  preHHure  at  Q 
depth  of  P :-  depth  of  Q. 
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The  pressure  of  the  atmosphere  on  the  surface  of  the  fluid 
is  not  taken  into  account,  but  we  shall  shew  hereafter  how  it 
affects  the  pressure  at  a  point  in  the  interior  of  a  fluid. 

3(5  The  surface  of  a  heavy  inelastic  fluid  at  rest  it 
horizontal.. 


D 


-m^ 


Ijot  A  and  B  be  two  points  in  the  same  horizontal  plant 
in  tile  interior  of  a  heavy  fluid  at  rest. 

Suppose  the  fluid  contained  in  a  small  horizontal  cylinder 
of  fluid,  of  which  AB  is  the  axis,  to  become  solid. 

Then,  fluid  pressure  on  end  A  =  fluid  pressure  on  end  £ 
(Art.  34),  and,  since  the  en<ls  are  equal, 

fluid  pressure  at  point  A  =  fluid  pressure  at  point  B 

Hence  A  and  B  arc  at  the  same  dcptli  below  the  surface 
of  the  fluid  (Cor.  Art.  S.O),  and  if  we  draw  AC,  ^Z>  vertically 
to  meet  the  surface  in  G,  D, 

AC=BD, 
also,  AC'm  parallel  to  BD ; 

.-.  CD  is  parallel  to  AB  (Eucl.  T.  33)  • 

. .  CD  is  horizontal. 

Similarly  any  other  point  in  the  surface  may  be  proved  to 
be  in  the  sanie  horizontal  plane  with  C  or  D; 

.'.  the  surface  is  horizontal. 

37.  The  proposition  £hat  the  surface  of  a  fluid  at  rest 
is  horizontal  is  only  true  when  a  very  moderate  extent  of 
surface  is  taken. 

Large  surfaces  of  water  assume,  in  consequence  of  the 
attraction  exercised  l)y  the  earth,  a  spherical  form. 
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The  foJlowiiig  practical  results  are  worthy  of  notice : 

(Ij  All  flnids  find  tlicir  level.  If  tubes  of  various  shapes, 
some  larj^c  and  some  small,  some  straight  and  others  bcMit.  bo 
placed  in  a  closed  vussoi  full  of  water,  and  water  be  the'/i 
poured  into  one  of  the  tubes,  the  fluid  will  rise  to  a  uniform 
height  in  it  and  all  the  other  tubes. 

(2)  If  pipes  be  laid  down  from  a  reservoir  to  !inj 
distiince,  the  fluid  will  mount  to  the  same  height  as  that  to 
which  it  is  raised  in  the  reservoir. 

(3)  The  surface  of  a  fluid  at  rest  furnishes  a  means  ol 
observing  objects  at  a  distance  in  the  same  horizontal  plane 
with  a  mark  at  the  place  of  observation. 

38.  We  have  .lecn  that  in  an  inelastic  fluid  at  rest  the 
pros.'iure  at  any  point  depends  on  the  dsptli  of  that  point 
below  the  surface  of  the  fluid,  that  is,  on  tl)e  length  of  the 
vertical  line  drawn  from  the  point  to  meet  a  liorizontal  line 
drawn  thntugh  the  highest  jwint  in  the  fluid. 

Thus  if  ABC  be  a  conical  vessel  with  a  horizontal  base, 
standing  on  a  table,  and  filled  with  fluid,  the  pressure  at  any 
point  P  is  determined  in  the  following  manner. 


B     A 


From  >4,thcldghe8t  point  of  the  fluid,  draw  a  vortical  line 
mooting  the  horizontid  plane  passing  throtigh  P'w\  the  point  (i?. 

Then  Hie  presMjirc  at  /*  -  jtroHHifre  ut  Q,  IkciVumo  P  and  Q 
arc  in  tiio  H»mc  horizontal  plane. 

Hut  pHiKMure  at  Q  (iopend^  on  the  length  of  yJQ: 
Ihoiefon'  pn-Msure  at  P  di^jMinds  on  the  length  «)f  PH,  ft  li"*^ 
drawn  vertically  U)  meet  the  horizonttd  line  AH. 
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39.  If  a  tegfel,  of  which  the  bottmn  is  horizontal  and 
Oie  sides  rertiail,  be  Jilted  with  Jliiid,  the  presure  on  ttu 
bottom  will  be  equal  to  tlut  weight  of  the  fluid. 


Fig. 


Fig.  II. 


Fig.  ni. 


Let  ACDB  (fig.  I.)  be  a  vessel  whoso  bottom,  CD,  is  hori- 
zontal, and  its  sides  vertical.  We  may  consider  the  fluid  in 
this  vessel  to  be  made  up  of  vertical  columns  of  fluid.  Each  of 
these  columns  will  press  vertically  downwards  with  its  weight, 
and  the  sum  of  these  pressures  will  be  the  weight  of  the  fluid. 
Now  the  ba.se  of  the  vessel,  being  horizontal,  will  sustain  all 
these  vertical  pressures; 

.".  pressure  on  the  base  of  the  vessel  =  weight  of  the  fluid. 

If  the  sides  of  the  vessel  be  not  vertical,  as  in  figs.  II.  and 
III.,  the  pressure  on  the  base  will  be  equal  to  the  weight  of  a 
column  of  fluid  EGDF,  EC  and  FD  being  perpendicular  to 
CD,  and  EF  being  the  surface  of  the  fluid. 

Hence  if  in  the  throe  vessels  tlie  bases  aro  equal  and 
on  the  same  horizontal  plane,  and  the  fluid  stands  at  the  same 
height  in  the  vessels,  the  pressure  on  the  base  in  each  case 
will  be  the  same. 

The  fluid  in  vessel  I.  produces  a  pressure  on  the  biise  equal 
to  its  own  weight. 

The  fluid  in  vessel  II.  produces  a  pressure  on  the  base  less 
than  its  own  weight. 

The  fluid  iu  vessel  111.  produces  a  px-essure  on  the  baa* 
greater  than  its  own  weight. 
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ElLiMPLKS. — II.. 

(1)  If  the  pressure  at  a  depth  of  32  feet  be  16  lbs.  to  the 
■quare  inch,  what  will  the  pressure  be  at  a  depth  of  42  feet 
8  inches  ? 

(2)  If  the  pressure  at  a  depth  of  8  feet  be  14^^  lbs,  to  the 
square  inch,  what  will  be  the  pressure  at  a  depth  of  20  ft  6  in.? 

(3)  In  two  uniform  fluids  the  pressures  are  the  same  at 
the  depths  of,  3  and  4  inches  respectively  :  csmpare  the 
pressures  at  the  depths  of  7  and  8  inches  respectively. 

(4)  In  two  uniform  fluids  t.he  pressm-es  are  the  same  at  the 
depths  of  2  and  3  inches  respectively  :  conjpare  the  pressures   • 
at  the  depths  of  9  and  12  inches  respectively. 

(5)  Find  the  height  of  a  colunm  standing  in  water  30  feet  / 
deep,  when  the  pressure  at  the  bottom  is  to  the  pressure  at  / 
the  top  as  3  to  2. 

(6)  K  the  pressure  of  a  uniform  fluid,  not  exposed  to 
external  pressure,  bo  15  lbs.  to  the  square  inch  at  a  depth  of 
15  feet,  what  will  bo  the  pressure  at  a  depth  of  12  feet  ? 

(7)  If  the  pressure  of  a  uniform  fluid,  not  exposed  to 
external  pressure,  be  3  lbs.  to  the  square  inch  at  a  deptli  of 
4  feet,  what  will  be  the  pressure  on  a  square  inch  at  a  depth  of 
12  feet  ? 

(8)  What  is  the  pressure  on  the  horizontal  bottom  of  a 
vessel  tilled  with  water  to  the  depth  of  2^  feet,  the  area  of  the 
base  being  20  square  feet,  anil  the  weight  of  a  cubic  foot  of 
water  lOuuoz.  ? 

(y)  A  cubic  foot  of  mercury  weighs  13()00  oz.  Find  tlie 
pressure  on  the  horizontal  base  of  a  vessel  containing  niercui  y, 
the  area  of  the  base  being  8  square  inches,  and  the  depth  of  the 
mercury  3  inches.  / 

1 10)  What  is  the  pressure  on  the  iiorizonttd  base  of  a  vessel 
filled  with  water  to  the  depth  (»f  l.'i  feet,  the  arcit  of  the  buse 
being  24  square  ftset,  hikI  the  weitrhL  of  a  cubic  loot  of  water 
lUOO  oz.  ? 

(11)  A  ciHtern  shaped  like  an  e(|uilaleral  triangle  of  which 
one  side  is  0  feet  is  tillutl  witli  water  to  the  depth  of  two  feet : 
find  the  preSNUre  on  the  buite,  the  weight  of  u  cubic  lout  af 
wut«r  being  lOUU  oz. 
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(12)  The  spout  of  a  teapot  springs  from  the  raiddle  point 
of  one  side,  and  its  upper  extremity  is  on  a  level  with  the  lid. 
If  the  spout  be  broken  off  half-way,  how  high  can  the  teapot  be ' 
filled  ? 

(13)  When  bottles  that  have  been  sunk  in  deep  water  have 
been  brought  up,  their  corks  have  been  found  driven  in.  How 
do  you  explain  this  \ 

(14)  If  a  pipe,  whose  height  above  the  bottom  of  a  vessel  is 
112  feet,  be  inserted  vertically  in  the  vessel,  and  the  whole  be 
filled  with  water,  find  the  pressure  in  tons  on  the  bottom  of 
the  vessel,  the  area  of  the  bottom  being  4  square  feet,  and  the 
weight  of  a  cubic  foot  of  water  1000  oz. 

(15)  A  hole,  a  square  inch  in  area,  is  bored  in  the  flat 
cover  of  a  vessel  full  of  water,  and  a  smooth  piston  weighing 
7  lbs.  13  oz.  is  fitted  into  it;  a  vertical  tube  is  then  fitted  into 
another  hole  in  the  cover,  and  water  is  poured  into  it:  find 
how  high  the  water  must  be  made  to  ascend  in  it  in  order  that 
the  piston  may  be  driven  out,  a  cubic  foot  of  water  weighing 
lOUOOft. 


«— 2 


CHAPTER  in. 
Oh  specific  Gravity. 

40.  SoMK  substances  are  from  the  nature  of  their  conij>o- 
wtion  more  weighty  than  others.  We  call  gold  a  heavier  metal 
than  lead,  because  we  know  by  experience  that  a  given  volume 
of  gold  is  more  weighty  than  an  equal  volume  of  lead. 

41.  We  make  a  distinction  between  the  terms  weight  and 
wetghti.nes>8. 

We  .speak  of  the  weight  of  a  particular  lump  of  gold  or  iron. 

We  siKJuk  of  the  wcightincss  of  gold  or  iron,  not  referring 
to  any  i)articular  lump,  but  to  the  special  characteristics  of  the 
metals  in  question. 

Further  we  say  that  gold  is  heavier  than  iron,  having  no 
particular  lump  of  the  metals  in  view,  but  cxpres.sing  our 
notions  of  the  degree  of  wcightiness  that  is  peculiar  to  either 
Bubstanco. 

This  degree  of  weightincss  is  known  by  the  name  SpeciCic 
Gravity. 

Dkp.  T)ie  "Specific  Oravily  qfa  tidnlnnce  i»  tfie  degree  qf 
ircightineitK  ofth/it  suhstance. 

42.  If  of  two  flubstancoB,  one  of  which  is  twice  as  weighty 
as  the  other,  wo  take  two  lutnps  of  o«|ual  v(»lumo,  the  weight 
of  one  lumj)  is  evidently  twice  that  of  the  other :  and,  generally, 
if  one  Hulmtaiico  1)0  S  times  as  weighty  as  the  otluT,  the  weight 
of  any  volume  of  the  firxt  is  »S' times  the  weight  of  an  ocjual 
volume  of  the  other.  Now  by  a  subsfniico,  the  moimuro  of  the 
«})cdf)C  ;:riivity  of  which  is  »V,  wc  mean  a  subHtmico  whiHi  is  S 
timuH  an  weighty  an  the  stamlard  by  which  spocific  gravities  are 
W(timiiio<l  Therefore  any  volume  of  this  subHtjuice  will  weigh 
S  UmiW  M  much  n«  the  equal  volume  of  the  stiuidard. 
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43.  The  requisites  for  a  Standard  are  that  it  should  be 
definite  and  uniform,  and  these  requisites  are  possessed  by 
Pure  Distilled  Water  at  a  certain  temperature.  This  sub.stauce 
is  therefore  taken  as  the  standard  for  estimatinij  the  specific 
gravities  of  solid  bodies  and  inelastic  fluids. 

44.  When  we  say  that  the  specific  gravity  of  gold  is  19, 
we  mean  that  the  specific  gi-avity  of  gold  is  19  times  that  of 
Pure  Distilled  Water,  and  therefore  a  given  volume  of  gold 
weighs  19  times  as  much  as  the  same  volume  of  distilled  water. 

45.  To  measure  the  Weight  of  a  body  we  must  have  a  unit 
of  weight,  and  to  measure  the  Volume  of  a  body  we  must  have 
a  unit  of  volume.  These  units  we  may  select  in  any  way  that 
may  suit  our  purpose,  and  we  connect  them  with  the  unit  of 
specific  gravity  by  the  following  convention  : 

The  unit  of  specific  gracity  is  the  specific  gravity  of  tluit 
"nubstance  of  ichich  a  unit  of  coCunie  contains  a  unit  of  weight. 

46.  To  find  the  numerical  relation  existing  between  the 
measure  of  the  specific  gracity  of  a  substance  and  the  mea- 
sures of  the  weiglit  and  volume  (f  any  yioen  quantity  of  the 
auhMtanee. 

Let  W  represent  the  measure  of  the  weight  of  a  substance, 
that  is  the  number  of  times  it  contains  the  unit  of  weight. 

Also,  let  V  represent  the  measure  of  the  volume  of  the 
substance,  that  is  the  number  of  times  it  contains  the  unit  of 
volume. 

And  let  S  represent  the  measure  of  the  specific  gravity  of 
the  substance,  tliat  is  the  number  of  times  it  contains  the  unit 
of  specific  gravity. 

Then  one  unit  of  volume  of  this  substance  will  weigh  ;S' 
times  as  much  as  a  unit  of  volume  of  the  standard  substance, 
'Art.  42)  that  is,  its  weight  is  »S'  times  the  unit  of  weight. 

Therefore  the  weight  of  V  miits  of  volume  is  yS  times 
the  unit  of  weight; 

therefore  the  measure  of  the  weight  of  V  units  of  volume 
of  the  substance  is  l^S; 

but  this  measure  wo  have  denoted  by  W; 
.:  W=  VS. 
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AlI.  The  equation  W—  VS  gives  us  merely  the  relation 
between  three  numbers,  and  two  of  these  must  be  given  in 
order  that  we  may  determine  the  third. 

When  we  have  found  it  we  know  tJie  TO«a*Mr0  of  the  weight 
or  volume  or  specific"  gravity,  as  the  case  may  be,  and  we  must 
have  the  unit  of  weight,  or  of  volume,  or  of  specific  gravity  also 
given  to  enable  us  to  determine  the  weight  or  volume  or 
specific  gravity  of  a  particular  substance.  So  that  we  may  pui 
it  thus  : 

measure  of  weight  =  VS, 

W 
measure  of  volume = -5- , 

W 
measure  of  specific  gravity  =  -j=-  ; 

•tiid 

weight  =  Fi^  times  (imit  of  weight), 

W 
volume  =  -o-  times  (unit  of  volume), 

W 
specific  gravity  =  -^  times  (unit  of  8X)ocific  gravity). 


48.  A  cubic  foot  of  pure  distilled  water  at  a  temperature 
of  62*  Fahrenheit  weighs  about  998  oz.,  and  for  rough  calcula- 
tions it  is  assumed  that  the  weight  of  a  cubic  foot  of  water  is 
lOOO  ouncus. 

Then  if  wo  take  1  cubic  foot  as  our  unit  of  volume  and  pure 
distilled  water  jm  our  standard  of  specific  gravity,  tho  uuit  of- 
weight  will  l>o  1U(H)  ounces. 

Or  if  wo  prefer  to  take  1  lb.  avoirdupois  as  our  unit  of 
weight  and  piiro  distilled  water  >im  our  standard  of  specific 

gravity,  the  unit  of  volume  will  be  j  ^     it  a  cubic  foot,  that  is 

U16  cub.  ft. 
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49.  We  shall  next  explain  how  quantities  are  measured ; 
and  then  we  shall  give  three  examples,  worked  out  first  on  the 
supposition  that  1  cubic  foot  is  taken  as  the  unit  of  volume,  and 
secondly,  on  the  supposition  that  1  lb.  avoirdupois  is  taken  as 
the  unit  of  weight,  so  that  the  student  may  see  that  the  same 
result  must  follow  from  both  suppositions,  and  that  such  a 
choice  may  be  made  as  to  the  units  us  may  be  suitable  to  any 
particular  case. 

*  60.  To  measure  any  quantity  we  fix  upon  some  definite  quan- 
tity of  the  same  kind  for  our  standard,  or  unit,  and  then  any 
quantity  of  that  kind  is  measured  by  finding  how  many  times  it 
contains  this  unit,  and  this  number  of  times  is  called  the 
measure  of  the  quantity. 

For  example,  if  one  pound  avoirdupois  be  the  unit  of  weight, 
the  measure  of  16  lbs  is  16.  Or,  to  put  our  calculations  iu  a 
tabular  form,  we  may  give  the  follovmig  Examples : 


Measure. 

& 

1 
4* 

6760 
7000* 

6-5. 

3 

1728' 

14x16 
1000   * 

_^_6 

1728  X  016' 


Unit 

Quantity. 

1  lb.  avoird. 

8  lbs. 

1  lb.  avoird. 

4  0Z. 

I  lb.  avoird. 

1  lb.  troy. 

1  cub.  ft. 

6J  cub.  ft 

I  cub.  ft. 

3  cub.  in. 

1000  OJB.  av. 

14  lbs.  av. 

-016  cub.  ft. 

0  cub.  in. 
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51.  First,  when  1  cubic  foot  is  taken  as  the  unit  of  volume, 
and  consequently  1000  oz.  as  the  unit  of  weight,  to  solve  the 
folioAving  examples  : 

Ex.  (1)  The  specific  gravity  of  lead  is  11*4,  find  the 
weight  of  720  cubic  inches  of  lead. 

Here  r=  ^3,^^11-4. 

Weight  required  =  Fas'  (unit  of  weight) 


=  (^^  X  11  -4  )  times  1000  o». 


V1728 
=  4750  oz. 

=  296 1  lbs. 

o 

Ex.    (2)    If  5  cubic  feet  of  a  substance  weigh  240  lbs.,  what 

is  its  specific  gravity  / 

„        „^     240x16     ,,    _ 

Here  ry  = .  y=6. 

1000    ' 

fV 
Sp.  gr.  required  =  j^  (unit  of  specific  gravity) 


(unit  of  specific  gravity) 
(unit  of  specific  gravity) 


1000  X  5 
=  "768  (unit  of  specific  gravity). 

Ex.    (8)    What  is  the  volume  of  a  substance  whose  specitto 
gravity  is  9*6  and  whose  weight  is  4200  lbs.  ? 

„        j^     4200x1(5    ,,    -. 
Herefr=     ^^^^     ,6  =  9-6. 

IV 
Volume  required^  -^  (unit  uf  volume) 


4200x16 
1000 

"     i)(; 
•  7  oub.  ft. 


cul).  ft. 
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62.  Secondly,  when  1  lb.  avoirdupois  is  taken  as  the  unit 
of  weight,  and  consequently  '016  cub.  ft.  as  the  unit  of  volume, 
our  examples  will  stand  thus : 

Ex.  (1) 

Weight  required  =  VS  (unit  of  weight) 

(720        1  \ 

1728 '•016'^  ""V*^'""*' ***• 

=  296  libs. 


Ex.  (2) 

Here  FF=240,  r=— . 

'  -016 

W 
Sp.  gr.  required  =  -rr  (unit  of  specific  gravity) 


V 

240 

5 
•016 


(unit  of  specific  gravity) 


240  X  016  ,     .^    , 
= g         (unit  of  specific  granty 

=  "768  (unit  of  specific  gravity). 

Ex.  (3) 

Here  J^=4200, /S'=9-6. 

W 
Volume  required  =  -^  (unit  of  volume) 

4200  ,. 
=  -       times '0 16  cub.  It 

4200x16       ,    ,^ 
=  9^1000  "^*»-f'- 

=  7  cub.  ft. 
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53.  If  a  number  of  substances  be  put  together  to  form  a 
mixture,  we  shall  generally  have  the  following  relatious  : 

(1)  sum  of  measures  of  weights  of  compounds  =  measure  of 
weight  of  mixture. 

(2)  sum  of  measures  of  volumes  of  compounds  =  measure  of 
volume  of  mixture. 

Thus  if  tCj,  w„  «?3, be  the  measures  of  the  weights, 

.    Ti,  v^  Cg, volumes, 

*i,  *2,  *3, specific  gra- 
vities of  the  compounds,  and 

i!r,  ?7,  «  the  measures  of  the  weight,  volume  and 
specific  gravity  of  the  mixture,  we  shall  have 

«?,  +  tt',+  ?C8+  =«>, 

©,  +  r,  +  »3  + =f>; 

and  therefore 

»,*,  +  »,%  +  »,»,■♦- =i», 

•^ +  *?«  +  *?«+  J^ 

9\         *t         »S       *" 

NoTB.  We  say  that  these  relations  hold  generally,  because 
in  some  ca.«ie8,  when  aubstiinces  are  mixed,  the  volume  of  the 
mixture  is  not  eqiml  to  the  sum  of  the  volumes  of  the  two 
substances.  For  instance,  70  pints  of  sulphuric  acid  mixed 
with  30  pints  of  water  will  make  a  mixture  of  less  than  99  pints, 

M  In  applying  these  formula}  to  the  solution  of  examples, 
wo  may  take  any  unit  of  volume  or  of  weight,  adhering  to 
it  through  the  whole  caJculation. 

Kx.  (1)  To  find  the  specific  gravity  of  a  mixed  metal  com- 
poited  of  5  cubic  inches  of  copper,  specific  gravity  9.  and  8  cubic 
inches  of  tin,  specific  gravity  7  2. 

Since  «|  *|  ••■  »,*,«»#, 
if  wo  take  I  mibic  inch  as  the  unit  of  volume,  we  have 

0x!)  +  flx7'2  =  (5-»-8;#; 
45  +  67-6 
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'  7-96  nearly 
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Ex.  (2)  Ten  pounds  of  fluid,  specific  gravity  1*05,  are 
mixed  with  15  pounds  of  distilled  water.  Find  the  specific 
gravity  of  the  mixture- 

Smce  ^   "•■  T      T' 

*i       «i  \  * 

if  we  take  1  lb.  as  the  unit  of  weight,  we  have 

10       15^25 
'  F05"''  1  "  *  ' 

2       „     5 
10.)  s  ' 

,  5      5-15^ 
•'•  »~105' 
105x5      105     ,^,„  , 

•••'=-5l^=l^=^'°^^"^^'y- 


65.  TTie  Density  of  a  substance  is  the  degree  of  closeness 
cith  which  tJie  particles  composing  the  substance  are  packed 
'ogether. 

The  diflference  between  density  and  specific  gravity  may 
be  stated  thus :  in  estimating  the  density  of  a  body  we  take 
into  account  the  quantity  of  matter  contained  in  a  given 
volume  :  in  estimating  the  specific  gravity  of  a  body  we  take 
into  account  the  effect  of  the  action  of  gravity  on  a  given 
volume. 

If  we  take  the  same  substance,  as  pure  distilled  water, 
as  that  to  which  we  refer  as  a  standard  in  measuring  the 
density  and  spccifif*  gravity  of  another  substance,  the 
measures  of  the  density  aud  specific  gravity  will  be  the 
same. 

ExAMPLKa—  III. 

(1)  The  specific  gi-avity  of  copper  is  8*91 ;  find  the  weight 
of  512  cubic  inches  of  copper,  a  cubic  foot  of  water  weighing 
1000  oz 

(2)  If  4  cubic  inches  of  iron  weigh  as  much  as  72  cubic 
inches  of  amber,  compare  the  specific  gravities  of  iron  aud 
amber. 
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(3)  The  specific  gravity  of  mercury  being  13'5,  find  the 
weight  of  one  cubic  inch  of  it,  having  given  tliat  a  cubic  foot  of 
water  weighs  1000  oz. 

1^       (4)    If  two  cubic  feet  of  a  substance  weigh  100  lbs.,  what  it 
its  specific  gravity  ? 

(5)  Find  the  weight  of  36  cubic  inches  of  cork,  whose 
specific  gravity  is  024.  i 

(6)  A  cubic  foot  of  water  weighs  1000  oz.,  wliat  will  be 
the  weight  of  a  cubic  inch  of  a  substance  whose  specific  gravity 
i83? 

y      (7)    What  is  the  specific  gravity  of  a  body  of  which  m 
cubic  feet  weigh  n  lbs.  ? 

(8)  Five  cubjc  inches  of  iron  weigh  22^  oz.,  what  is  the 
'     specific  gravity  of  iron? 

(9)  Twelve  cubic  feet  of  dried  oak  weigh  875  lbs.,  what  is 
the  specific  gravity  of  the  wood  1 

(10)  Twenty-six  cubic  feet  of  ash  weigh  1371ilbs.,  what  is 
its  specific  gravity  1 


u- 


(11)  A  metal,  whose  specific  gravity  is  15,  is  mi.xed  with 
half  tlie  volume  of  an  alloy  whose  specific  gravity  is  12,  find  the 
specific  gravity  of  the  compound. 

(12)  Two  motiilM  are  combined  into  a  lump  the  volume 
'^of  which  is  2^  cubic  inches;  li  cubic  iiiche.H  of  one  metal  weigh 

iis  much  aa  the  lump,  and  2^  cubic  inches  of  the  other  metal 
weigh  the  same.  What  volume  of  each  of  the  two  metals  is 
therein  the  lump? 

(13)  Two  substances  whose  specific  gravities  are  1*5  and 
S"©  are  mixed  together,  and  fonn  a  comjKnind  whose  specific 
gravity  is  2*5;  compare  the  volumes  and  lUso  the  weights  oi 
the  two  HubHtiuices. 

(14)  Tho  »iK!cific  gravity  of  scar  water  being  1027,  wlmt 
proportion  of  fresh  water  must  bo  added  to  a  (luiintity  of 
•ea-water  that  the  Kpe<jiflc  <M'avity  of  the  Compotmd  may  be 
1009? 
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(15)  Equal  weights  of  two  substances  whose  densities  are 
3'25  and  2*75  are  mixed  together;  find  tlie  density  of  the 
compound.  • 

(16)  Equal  volumes  of  two  substances  whose  specific 
gravities  are  2"5  and  1*5  are  mixed  together ;  what  is  the 
specific  gravity  of  the  compound  ? 

(17)  Five  cubic  inches  of  lead,  specific  gravity  11  "35,  are 
mixed  with  the  same  volume  of  tin,  specific  gravity  7'3;  what  is 
tlie  specific  gravity  of  the  compound  ? 

(18)  A   mixture  is  formed  of  equal   volumes  of    three* 
fluids;  the  densities  of  two  are  given  and  also   tho   density 
of  the  mixture.    What  is  the  density  of  the  third  fluid? 

(19)  Ten  cubic  inches  of  copper,  specific  gravity  8'9,  are 
mixed  witli  seven  cubic  inches  of  tin,  specific  gravity  7 '3 ;  find 
the  specific  gravity  of  the  compound. 

(20)  Three  fluids,  whose  specific  gravities  are  '7,  "8  and  9 
respectively,  are  mixed  in  the  proportion  of  5  lbs.,  6  lbs.,  and 
7  lbs.     What  is  the  specific  gravity'of  the  mixture  ? 

(21)  The  specific  gravity  of  pure  gold  is  19*3  and  of  copper 
8*62  ;  required  the  si>ecific  gravity  of  standard  gold,  which  is  a 
mixture  of  eleven  parts  of  gold  and  one  of  copper. 

(22)  When  63  pints  of  sulphuric  acid,  specific  gravity  1*82, 
are  mixed  with  24  pints  of  water,  tl»e  mixture  contains  only 
86  pints.     Wliat  is  its  specific  gravity  I 

(2;})  If  three  fluids  the  volumes  of  which  are  4,  li,  6  and 
tlie  specific  gravities  2,  3,  4  are  mixed  together,  determine 
the  specific  gravity  of  the  coaipound. 

(24)  The  specific  gravity  of  quartz  is  2-62,  and  that  of  g<ild 
1935;  a  nugget  of  quartz  and  gold  weighs  llo  oz.,  and  its 
specific  gravity  is  7'43 ;  find  the  weight  of  gold  in  it. 

(25)  An  iron  spoon  is  gilded,  and  the  moan  specific  gravity 

of  the  gilded  spoon  is  8;  those  of  iron  and  gold  are  7-8  and       / 
19"4 :  find  the  ratio  of  the  volumes  and  weights  of  the  metals 
uniployed. 


CHAPTER  IV. 

On  the  Conditions  of  Equilibrium  of  Bodies  under  the 
Action  "f  Fluids. 

66.  When  a  body  is  wholly  or  partially  immersed  in  a  fluid, 
it  is  a  general  principle  of  Hydrostatics  that  the  restdtant 
pressure  of  the  fluid  on  the  surfice  of  the  body  is  equal  to  the 
weight  of  the  fluid  displaced.  This  principle  we  shall  prove 
for  two  cases  in  Articles  57  and  61. 

(1)  When  the  body  is  'wholly  immersed  in  the  fluid : 

(2)  When  the  body  is  partially  immersed  in  the  fluid. 

67.  To  find  the  residtant  Pressure  qf  a  Fluid  on  a  body 
wholly  immersed  and  floating  in  a  fluid. 


Lot  A  \ievi  body  floating  in  a  fluid  and  wholly  inunoraed 
ioit. 
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Imagine  the  body  removed  and  the  vacant  space  filled  with 
fluid  of  the  same  kind  as  that  in  which  the  body  floated. 

Then  suppose  this  substituted  fluid  to  become  solid. 

The  pressure  at  each  point  of  its  surface  will  still  be  the 
same  as  it  was  at  the  same  point  of  the  surface  of  A 

The  solidified  fluid  is  kept  at  rest  by 

(1)  The  attractions  exercised  by  the  earth  on  every  par- 
ticle of  its  mass : 

(2)  The  pressures  exorcised  by  the  fluid  at  the  different 
points  of  its  surface. 

Hence  the  resultants  of  these  two  sets  of  forces  must  be 
equal  in  magnitude  and  opposite  in  their  linen  0/ action. 

Now  the  resultant  of  set  (1)  is  called  the  weight  of  the 
solidified  fluid  and  acts  vertically  downwards  through  its  centre 
of  gravity. 

Hence  the  resultant  of  sot  (2)  is  equal  in  magnitude  to  the 
weight  of  the  solidified  fluid  and  acts  vertically  upwards 
through  its  centre  of  gravity. 

Now  since  the  pressures  on  the  solidified  fluid  are  the  same 
as  on  the  body  A,  wo  see  that  the  resultant  pressure  of  the 
fluid  on  A  is  equal  to  the  weight  of  the  fluid  displaced  by  A 
and  acts  vertically  upwards  through  the  centre  of  gravity  of 
this  displaced  fluid, 

This  principle  we  shall  now  apply  to  the  following  Ex- 
amples in  Statics. 


68.    Ex.  I .    Find  the  conditiona  of  equilibrium  q/*  a  body 
boating  in  a  fluid  and  wholly  immersed  in  it. 

The  body  A  (see  diagram  in  Art  57)  is  kept  at  rest  by 
(1)    Its  weight,  acting  vertically  downwards  through  its 
centre  of  gravity : 

(2;  The  pressures  of  the  fluid  on  its  suriace,  the  resultant 
of  which  is  equal  to  the  weight  of  the  fluid  displaced  by  A  and 
iicts  vertically  upwards  throtigh  the  centre  of  gravity  of  the 
fluid  displaced. 
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Hence 

(1)  Weight  of  ^  =  weight  of  fluid  displaced  by  A  : 

(2)  The  centres  of  gravity  of  A  and  of  the  fluid  displaced 
are  in  the  same  vertical  liue. 

These  are  the  conditions  of  equilibrium. 

Note.  A  difficulty  often  occurs  with  beginners  in  conceiving 
how  a  solid  body  can  be  in  equilibrium  in  tlie  midst  of  a 
fluid,  neither  rising  to  the  surface  nor  sinking  to  the  bottom. 
It  may  however  be  proved  by  exiierimeiit  that  a  hollow  ball 
of  copper,  such  as  is  used  for  a  ball-tap,  may  bo  constructed 
of  such  a  weight  relatively  to  its  size  that  when  placed  in  water 
it  will  remain  where  it  is  placed,  just  as  the  body  A  is  re- 
presented in  the  diagram. 

69.  Ex.  II.  Find  the  conditions  of  equilihrium  for  a 
body  of  uniform  density  wholly  immersed  in  a  fluid  and  in 
part  supported  by  a  string. 


liCt  a  body  the  meaMure  of  whoso  volume  is  V  be  suspontied 
by  a  string  from  the  fixed  point  A§omi/o  float  below  Uio  sui^ 
fuco  of  a  fluid. 

The  body  Ih  kept  at  rent  by 

(1)  iUt  weight, 

(2)  the  proHHiiroit  of  the  fluid  on  itH  mirfaoa, 
(i)    Uiu  tuiiMion  of  the  Htiing. 
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Ivov?  (1)  is  equivalent  to  a  single  resultant  acting  vertically 
downwards  through  the  centre  of  gravity  of  the 
body  , 

(2)  is  equivalent  (by  Art.  57)  to  a  single  resultant, 
equal  to  the  weight  of  fluid  displaced  and  acting 
vertically  upwards  through  the  centre  of  gravity 
of  the  fluid  displaced  : 
(and  these  two  centres  of  gravity  coinciding) 
therefore  (3)  must  act  (see  Statics,  Art.  52)  upwards  in  the  ver- 
tical line  through  this  common  centre  of  gravity, 
and  (1)  must  be  equal  to  the  sum  of  (2)  and  (3). 

Hence,  if 

»S'  be  the  measure  of  the  specific  gravity  of  the  body, 

*S"  ..  ofthefljijd, 

T  of  the  tension  of  the  string, 

fcbere  is  equilibrium  when 

or        T^  FiS-ST). 

Ex.  A  piece  of  metal,  whose,  specific  gravity  is  7-3  ana 
volume  24  cubic  inches,  is  suspended  by  a  string  so  as  to  b« 
wholly  immersed  in  water.     Find  the  tension  of  the  string. 

Taking  1  cubic  inch  as  the  unit  of  volume,  and  consequeuttj 
--      oz.  as  the  unit  of  weight, 

1  4  ^O 

tension  of  string  =  24  (73 - 1)  x   _     oz, 

1728 

24  X  6-3  X  lOoO 
=  —1728 ^^ 

=875  oz. 
S.H.  8 
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60.  Ex.  (3)  If  a  body  of  vnif"'^  \  demity  be  immersed 
in  a  fluid  and  he  prevented  from  rising  by  a  string  attached 
to  the  bottom  of  the  vessel  containing  tlve  fluid,  find  the 
tension  of  the  string. 


Let  a  body,  the  measure  of  wliosc  volume  is  V,  be  kept 
under  the  surface  of  a  fluid  by  a  string  fastened  to  ^,  a  \ymv\. 
in  the  base  of  the  vessel. 

The  body  is  kept  at  rest  by 

(1 )  its  weight,  acting  vertically  downwards, 

(2)  the  tension  of  the  string,  acting  vertically  down- 
wards, 

(3)  the  resultant  of  fluid  pressures  on  the  body,  acUnR 
vertically  upwards. 

Hence,  if 
T  bo  the  measure  of  the  tension  of  the  string, 

S specific  gTuvitv  of  the  body, 

6' spocific  gravity  of  the  fluid, 

■ince  there  \*  cquilibHitra, 

VS-^  T=  VS'; 

.'.  r-  ys'-  vs 

mFiS'-S). 
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61.     To  find  the  resultant  pressure  of  a  fluid  on  &  body 
partially  immersed  and  floating  in  the  fluid. 


Let  A  BCD  be  a  body  partially  imuierscd  aud  floatmg  ih 
a  fluid,  the  part  BCD  being  below  the  surface  of  tht  ftuid. 

Imagine  the  body  removed  and  the  vacant  space  BCD 
filled  with  fluid  of  tlie  same  kind  a»  that  in  wliioh  the  body 
floated. 

Then  suppose  this  substituted  fluid  to  become  solid. 

The  pressure  at  each  point  of  its  surface  will  still  be  the 
same  as  it  was  at  the  same  point  of  BCD. 

The  solidified  fluid  is  kept  at  rest  by 

(1)  the  attractions  exercised  by  the  Earth  on  every 
particle  of  its  mass, 

(2)  the  pressures  exercised  by  the  fluid  at  the  diflferent 
points  of  its  surface* 

Hence  the  resultants  of  these  two  sets  of  forces  must  be 
eqrtal  in  magnitude  and  opposite  in  their  lines  of  action. 

*  Throughout  this  cliapter  the  space  occupied  bv  the  air  is  supposed  to  be  a 
vacuum. 

3—2 
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Now  the  resultant  of  set  (1)  is  called  the  weight  of  the 
solidified  fluid,  aud  acts  vertically  downwards  through  its 
centre  of  gravity. 

Hence  the  resultant  of  set  (2)  is  equal  in  magnitude  to  the 
weijrht  of  the  solidified  fluid,  and  acts  vertically  upwardt 
through  its  centre  of  gravity. 

Now  since  the  pressures  on  the  solidified  fluid  are  the  same 
as  on  the  surface  BCD,  we  see  that  the  resultant  pressure  of 
the  fluid  ou  the  floating  body  is  equal  to  the  weight  of  the  fluid 
displaced,  and  nets  vertically  upwards  through  the  centre  of 
gravity  of  the  displaced  fluid. 

This  principle  we  shall  now  apply  to  the  following  examples 
in  iStaticti. 


62.  Ex.  I.  Find  the  conditions  of  equilihrium  of  a  body 
floating  and  partiaUy  immersed  in  a  fluid  of  uniform 
density. 

The  body  A  BCD  (see  diagram  in  Art  63)  is  kept  at  i-est  by 

(1)  its  weight  acting  vertically  downwards  through  its 
centre  of  gravity, 

(2)  the  pressures  of  the  fluid  on  the  surface  BCD,  the 
resultant  of  which  is  equal  to  the  weight  of  fluid  displaced  by 
the  body,  and  acts  vertically  upwards  through  the  centre  oi 
gravity  of  the  fluid  dispkced. 

Hence 

(1 )  weight  of  the  body  =  weight  of  fluid  displaced ; 

(2)  the  centres  of  gravity  of  the  body  and  of  the  fluid 
dUsplaced  are  4u  the  same  vertical  line. 

Thwe  are  tlie  couditious  uf  ociuilibnum. 
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63.  Ex.  II.  When  a  body  of  iin-iform  density  jloatt  m 
fi  fluid,  the  volume  of  the  part  imnier!>ed  is  to  the  roliime  of  the 
whole  body  as  the  specific  gravity  of  the  body  is  lo  the  specific 
'trncily  ofthejiuid. 


Let  rbe  the  measure  of  the  vohime  of  the  whole  body  ABCD, 

V' part  immersed  BCD, 

S specific  gi'avity  of  the  body, 

S' specific  gravity  of  the  fluid. 

Then  since,  Art.  62, 

weight  of  floating  body  =  weight  of  displaced  fluid, 
V.S=V'.S'', 

.:  V  :    V  ::  S  :  S'. 

Ex.  A  solid,  whose  specific  gravity  is  -4,  floats  in  a  fluid 
whoso  specific  gravity  is  r2.  What  part  of  the  solid  is  below 
the  surface  ? 

Let  X  be  the  measure  of  the  part  immei-sed 
m  the  measure  of  the  whole  body. 
Then  x  :  m  =  -4  :  1*2;    - 

■4  4  1 
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64.     The  HydrosUttic  Balance. 

The  Hydrostatic  Bidance  is  a  common  balance  with  a 
hook  attached  to  the  bottom  of  one  of  the  scales  from  which 
a  solid  may  be  suspended  and  weighed  successively  (I)  in  air 
and  (2)  when  immersed  in  a  fluid. 


Call  the  scale  to  which  the  hook  is  attached  A  and  the 
other  scale  B.  Then  l)y  the  weight  of  the  solid  in  air  we  mean 
the  weight  which  when  placed  in  B  balances  the  solid  suspend- 
ed in  air  from  A. 

And  l)y  the  weight  of  the'solid  in  the  fluid  we  meau  the 
weight  which  when  plivced  in  B  balances  the  solid  suspended 
fro|n  A  so  as  to  be  immersed  in  the  fluid. 

The  difference  between  these  weights  is  caused  by  the 
pressures  of  the  fluid  on  the  surface  of  the  soHd,  tiie  rosultjuit 
of  these  pressures  being  a  force  acting  vertically  upwards  and, 
eqniiHtleiii  to  live  weight  of  the  fluid  dixjUaced  by  the  solid. 
Now  if  y  bo  the  measure  of  the  volume  of  tho  solid, 

S' specific  gravity  of  tho  fluid, 

measure  of  weight  of  fluid  displaced  by  tho  solid  -  VS'. 

65.  To  compare  Um  tpeciflc  granit%€$  q/"  a  $olid  and  a 
Huid  by  mean$  qftlis  Hydmitatir  Balatice. 

Let  y  1m»  the  measure  of  the  volume  of  tho  solid, 

S Kpecific  gravity  of  the  solid, 

S' Hpecific  gravity  of  tlie  fluid. 

^  weight  of  the  solid  iu  air. 


i 
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Case  [.     When  the  solid  is  ofgreaier  specific  g^raviiy  than 
the  fluid. 

Let  W  be  the  measure  of  the  weight  of  the  solid  in  the  fluid, 
then  W—  fF'  =  themea8ureofthe  weight  of  fluid  displaced 
by  the  solid, 

=  VS'. 
Also     '  W=VS; 

•'•  VS'  ~  w-  w* 
s__  w_ 

«".  /S"  ~  W-  W" 

and  thus  S  and  S'  may  be  compared. 

Case  II.     When  the  solid  is  of  less  specific  gravity  than 
the  fluid. 

Attach  to  tlie  solid  some  heavy  substance,  called  the  sinker, 
which  will  make  the  solid  sink  with  it  in  the  fluid. 

Let  w  be  the  measure  of  the  weight  of  the  two  bodies  in  air, 

X  in  the  fluid, 

y  sinker  in  air, 

z in  the  fluid. 

Then 
w-x  —  measuie  of  weight  of  fluid  displaced  by  the  two  bodies, 
y-z=  the  sinker. 

Subtracting, 
«r— «— y  +  z  =  measureof  weight  of  fluid  displaced  by  the  solid 

=  VS'; 

also  W=  VS; 

w  —  x—y  +  z      S' 
•'•         W        "S' 

and  thus  S  and  S^  may  be  compared. 
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66.     Tlie  common  Hydrometer. 

The  common  Hydrometer  consists  of  a  straight  stem  AB 
terminating  in  two  Iiollow  splicres  C  and  Z>.  D  is  usiwlly 
loaded  with  mercury,  so  that  the  instrument  may  float  in  a 
fluid  with  the  stem  vertical. 


The  instrument  is  used  in  comparing  the  specific  gravities 
of  two  fluids.  The  stem  is  marked  with  graduations  by  means 
of  which  it  can  be  seen  what  psirt  of  the  instrument  is  below 
the  surface  of  the  fluid  in  wliicli  it  floats. 

When  the  instrument  is  placed  in  a  fluid  the  meaauro  of 
who.se  specilic  gravity  is  «S',  suppose  that  the  measure  of  the 
bulk  of  the  part  imuier.sed  is  V. 

Wiioii  the  instrumont  is  placed  in  a  fluid  the  measure  of 
whoso  specilic  gravity  is  H\  suppose  that  the  measure  of  thf 
l)ulk  of  the  part  immersed  is  V'. 

I'lion  weiglii  of  liydromotur  -weight  of  first  fluid  displaced 
=s  y.S  times  tiio  unit  of  weight ; 

sad  weight  of  liydronjcter  =  weight  of  secoml  fluid  displaced 
s  V.  S'  times  the  unit  of  weight : 

.-,  r.  A'-  r,  £•  ; 

.'.S  '.  S'  ::   r  !   K; 
and   thus  S  and  S"  may  Iw  comi>arod,  Binco  K  iiud  T'  ai-o 
known  from  the  grnduationH.  . 


B0D1ILSJJ7;WERTIII^I£]Z0^^ 
T7.     SlcholsonH  Hydrometer. 


This  instrument  consists  of  a  hollow  cylinder  of  ^opper  ^, 
from  which  a  slender  stool  wire  rises,  supportmg  a  d  h  ^ 
An  roT  tirrup  fixed  to  the  lower  end  of  A  supports  a  heavy 
aICd.  TL  well-defined  mark  is  placed  at  some  pomt  B 
on  the  steel  wire. 

This  instrument  is  used  for  two  purposes  :- 

(1)    To  compare  the  specific  gravities  of  a  solid  and  a 

fluid.  ,      J  •/> 

Tet  PT  be  the  measure  of  the  weight  which  placed  m  C 
caul:  tl^  hydrleter  to  sink  in  the  fluid  till  the  surface  of 
the  fluid  meets  the  steel  wire  m  B. 

Place  the  solid  in  G  and  let  X  be  the  measure  of  the  weight 
added  to  make  the  instrument  sink  to  B. 

Place  the  solid  in  D  and  let  Y  be  themea^ureof  the  weight 
placed  in  Cto  make  the  instrument  sink  to  IS. 

Then  measure  of  weight  of  solid  hi  air=  W-  X, 

in  tiK5  fluid  =fr-y, 

,.  measure  of  weight  of  fluid  displaced  by  ^lid^^^^  _  ^  ^_  y 

•    =Y-Xi 

S.  G.  of  solid  ^  W-X 
•'•  braoTfluid       Y-X' 
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(2)  To  compare  the  specific  gravities  of  two  fluids. 

Lot  W  be  the  measure  of  the  weight  of  the  hydrometer, 
X  and  y  the  meiisures  of  weight  to  be  placed  in  C  to  make  tfto 
instrument  sink  to  B  in  each  fluid. 

The  measure  of  weight  of  first  fluid  displaced  =  W+iCf 

second =  W+y, 

and,  since  the  volume  is  the  same  in  both  cases, 

8.  G.  of  first  fluid        IV+x 
S.  G.  of  second  fluid  ~  TV+  y ' 

68.  To  compare  the  specific  gravities  of  two  Jluida  by 
uceighivg  the  same  solid  in  each. 

Let  S  and  S  be  the  measures  of  specific  gravities  of  the 
fluids, 

w  and  «r'  the  measures  of  weights  of  the  solid  when 
immersed  in  the  respective  fluids, 

W  the  measure  of  weight  of  the  solid  in  air. 

Then  fF—ic^  measure  of  weight  of  fluid  displaced  by 
solid  in  one  ca.sc, 

W^—«7'  =  measure  of  weight  of  fluid  displaced  by  solid 
in  the  other  case ; 

S  _  W-w 
'''S'~  W-u/' 
and  LliuH  S  and  S  iiiiiy  be  compared. 


Examples. — IV. 

(1)  A  iiiece  of  glass  when  weighed  in  water  loses  ^ftfths 
of  its  weight;  what  is  its  specific  gravity? 

(2;  Find  the  pressure  on  28  milos  of  a  submarine  tele- 
grapliic  cable  whoso  circumference  is  3  inches,  the  doj)th  of  tlio 
cable  below  the  surfuco  of  tlio  sea  being  480  foot,  uud  tlio 
■pocific  gravity  of  sea  water  r026. 

(3)  A  body  whose  Hi)ecific  gravity  is  3-3  floats  on  a  fluid 
whoso  Hpocific  gravity  is  44 ;  what  jwrtion  of  tho  body  will  bo 
itiinierHcd  1 

(4)  If  tho  specific  gravity  of  standard  g«)ld  bo  194,  and  tlte 
weight  of  a  Bovoroign  iu  air  bo  5  dwts.  i\  gr».,  find  iU  weight 
iu  water. 
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(5)  If  a  substance  weigh  8  lbs.  in  air  and  6  lbs.  in  water, 
what  is  its  specific  gravity  ? 

^6)  A  cylindrical  tub  of  given  weight  floats  with  one-fourth 
of  its  axis  below  the  surface  of  a  fluid :  find  the  least  weight 
which  will  totally  immerse  the  tub. 

(7)  A  body  whose  specific  gravity  is  1"4  floats  in  a  fluid 
whose  specific  gravity  is  2"1;  what  portion  of  the  body  is  im- 
mersed ? 

(8)  A  leaden  bullet,  weighing  1  oz.,  is  placed  in  a  glass 
of  water  standing  on  a  table ;  find  the  pressure  of  the  bullet 
on  the  bottom  of  the  glass,  the  specific  gravity  of  lead  being 
11-4. 

(9)  A  cubic  inch  of  cork  floats  in  water  ;  find  the  weight 
which  must  be  placed  upon  it  to  cause  the  half  of  it  to  be  im- 
mersed, the  specific  gravity  of  cork  being  '24,  and  the  weight 
of  a  cubic  foot  of  water  1000  oz. 

(10)  A  cork,  whose  weight  is  I  oz.  and  specific  gravity  *25, 
is  attached  by  a  string  to  the  bottom  of  a  vessel  containing 
water  so  that  the  cork  is  wholly  immersed.  What  is  the  ten- 
sion of  the  string  ? 

(11)  A  person  supports  a  ball  of  lead,  weighing  46  oa.  and 
of  specific  gravity  11 '5,  wholly  immersed  in  water,  by  holding 
the  end  of  a  string  attached  to  the  ball.  What  is  the  tension 
of  the  string  ? 

(12)  A  vessel  containing  water  is  placed  in  one  scale  of  a 
balance  and  weighs  1  lb.  A  piece  of  wood  of  specific  gravity 
•24  and  volume  1  inch  is  attached  to  the  bottom  so  as  to  bo 
immersed.    What  weight  will  now  balance  the  vessel  ? 

(13)  A  cube  hanging  by,  a  string  is  half  immersed  in  water. 
If  the  weight  of  the  cube  be  a  pound,  and  its  specific  gravity 
three  tunes  that  of  water,  what  will  be  the  tension  of  the  string  ] 

(14)  A  certain  substance  weighs  30  oz.  in  water,  and  42  oz. 
iHit  of  water.    What  is  its  specific  gravity  ? 

(15)  A  substance  weighs  14  lbs.  in  water  and  2560  oz.  out 
of  water.    What  is  its  specific  gravity  ? 


44      ON  THE  CONDITIONS  OF  EQUILIBRIUM  OF 

(16)  A  substance  weighs  12  oz.  in  air :  a  substance  weigh- 
ing 20  oz.  in  water  is  attached  to  it,  and  the  two  together  weigh 
18  oz.  in  water.  What  is  the  specific  gi'avity  of  the  former 
substance  ? 

(17)  A  piece  of  mahogany  weighs  in  air  375  grains,  a 
piece  of  brass  weighing  380  grains  in  water  is  attached  to  it, 
and  the  two  together  weigh  in  water  300  gi'ains.  What  is  the 
specific  gravity  of  the  mahogany  ? 

(18)  A  piece  of  metal  weighs  113  grains  in  water  and  120 
grains  in  air.    What  is  its  specific  gravity  ? 

(19)  A  piece  of  calcareous  spar  weiglis  in  air  190  grains 
and  in  water  120  grains.     Find  its  specific  gravity. 

(20)  A  body  weighs  4oz.  in  vacuo,  and.  if  another  body 
which  weighs  3  oz.  in  water  be  attached  to  it  the  two  together 
weigh  in  water  2^oz.  Find  the  specific  gravity  of  the  former 
body. 

(21)  A  piece  of  wood  weighs  12  lbs.,  and  when  attached  to 
22  lbs.  of  lead  and  immersed  in  water  the  two  together  weigh 
8  lbs.  If  the  specific  gravity  of  lead  be  1135  find  the  specific 
fijavity  of  the  wood. 

(22)  If  the  sinker  be  equal  in  magnitude  to  the  substance 
whose  specific  gravity  is  required,  but  double  its  woiglit  in 
vacuo,  and  if  the  two  together  weighed  in  water  would  balance 
the  sinker  in  vacuo,  what  is  the  specific  gravity  of  the  sub- 
stance? 

(23)  The  specific  gravity  of  cork  is  "24,  and  the  weight  of 
a  cubic  foot  of  water  is  lOUO  oz.;  find  the  pressure  necessary  to 
hold  down  under  water  a  cubic  foot  of  cork. 

(24)  A  cylinder  floats  vertically  in  a  fluid  with  8  feet  of 
its  length  above  the  tluid ;  find  the  whole  length  of  the  cylinder, 
the  specific  gravity  of  the  fluul  being  three  times  that  of  Uie 
cylinder. 

(2.5)  A  cylinder  Hoats  with  J^th  of  its  bulk  above  the  surface 
of  u  fluid  whuHo  siMKjiHc  gravity  is'82.'>,  find  the  specific  gravity 
of  the  cylinder. 

CM)    Why  is  it  easier  to  swim  in  salt  water  than  in  fresh  \ 
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(27)  Water  is  poured  into  a  vessel  containing  mercury, 
.uid  an  iron  cylinder  allowed  to  sink  through  tho  water  floats 
.vith  its  axis  vertical  in  the  loorcury.  If  tiie  cylinder  be  1  inch 
ill  length,  find  tlie  length  of  tho  portion  immersed  in  the  mer- 
cury. The  specific  gravity  of  iron  is  7'8,  and  that  of  mercury 
I3G. 

(28)  A  body,  whose  specific  gravity  is  "5,  floats  on  water; 
if  the  weight  of  the  body  be  lOoO  o/.,  find  the  number  of  cubic 
inches  of  it  above  the  surface  of  the  fluid. 

(29)  A  body  containing  12  cubic  inches  weighs  in  air  8  lbs.; 
determine  its  weight  in  water. 

(30)  If  a  cube  float  on  water  with  one  face  horizontal,  and 

a  body  weighing  ~, —  oz.,  when  placed  upon  it,  make  it  sink 

through  an  inch,  find  the  size  of  the  cube  :  a  cubic  foot  of  water 
u'eiglung  1000  oz. 

(31)  What  is  tho  specific  gravity  of  a  substance,  if  a  hollow 
rectangular  box,  ten  inches  long,  eight  inches  wide,  six  inches 
deep,  and  a  quarter  of  an  incli  thick,  if  made  of  this  substance, 
will  just  float  in  water  ? 

(32)  A  lamina  in  the  form  of  an  equilateral  triangle  floats 
on  a  fluid  with  one  of  its  sides  horizontal  and  its  vertex  down- 
wn-ils.  If  the  density  of  tho  triangle  !)0  one-third  that  of  tho 
fluid,  find  the  depth  of  its  vortex  below  the  surface. 

(33)  A  triangular  latnina  of  uniform  thickness  floats  in  a 
vertical  position  witii  its  base  horizontal  and  its  sides  half  im- 
nier.sed  in  a  fluid  :  compare  the  specific  gravity  of  tho  lamina 
with  that  of  the  fluid, 

(34)  A  symmetrical  body,  weighing  8  lbs.,  with  a  weight 
on  the  top  floats  just  innuersed  in  a  fluid:  how  heavy  must  the 
weight  be,  in  order  that,  when  it  is  removed,  the  box  may  float 
with  only  one-third  of  it  immersed  ? 

(35)  Find  tho  specific  gravity  of  a  material  such  that  a 
cylinder  formed  of  it  four  inches  long  floats  in  water  with  three 
inches  innnersed. 

(36)  If  a  cubic  foot  of  water  weigh  1000  oz.,  and  a  cube 
whose  edge  is  18  inches  weigh  22.50  oz.,  how  far  will  a  cylinder 
whose  length  is  3  inches,  formed  of  the  same  material  as  the 
cube,  sink  in  water  ? 
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(37)  A  body,  whose  specific  gravity  is  2'7  and  weight  in 
vacuo  3  lbs.,  when  immersed  in  a  fluid  weighs  2  lbs.;  find  the 
specific  gravity  of  the  fluid. 

(38)  The  specific  gravity  of  mercury  is  13'5  and  that  of 
aluminium  is  2'6 ;  iiow  deep  will  a  cubic  inch  of  aluminium  sink 
in  a  vessel  of  mercury  ? 

(39)  If  a  body  floats  on  a  fluid  two-thirds  immersed,  and 
it  requires  a  pressure  equivalent  to  2  lbs.  just  to  immerse  it 
totally,  what  is  th'b  weight  of  the  body  ? 

(40)  If  a  body  weighing  3  lbs.  floats  on  a  fluid  one-half 
immersed,  what  pressure  will  sink  it  completely  ? 

(41)  A  piece  of  cork  (s.  G.  =  '24)  containing  2  cubic  feet  is 
kept  below  water  by  means  of  a  string  fixstcned  to  the  bottom 
of  a  vessel ;   find  the  tension  of  the  string. 

(42)  Two  bodies  whose  weights  are  w-^  and  «?,  in  air,  weigh 
each  tc  in  water  ;  compare  their  specific  gravities. 

(43)  The  cavity  in  a  conical  rifle  bullet  is  usually  filled 
tvith  a  plug  of  80(1)0  light  wood.  If  the  bullet  be  held  in  the 
hor.d  beneath  the  surface  of  the  water,  and  the  plug  be  then 
.o..iovcd,  will  the  apparent  weight  of  the  bullet  be  increased 
or  diminished  ? 

(44)  A  body,  whoso  weight  in  air  is  6  lbs.,  weighs  3  lbs.  and 
<4b8.  rosiM5ctivoly  in  two  difl'erent  fluids  ;  compare  the  specific 
gravities  of  the  fluids, 

(45)  A  body  whoso  specific  gnivity  is  7'7  and  weight  in 
vacuo  7  lbs.,  when  immersed  in  a  fluid  weighs  6  lbs. ;  find  the 
B^ciflc  gravity  of  the  fluid. 

(4fi)  A  solid  sphere  floats  in  a  fluid  with  three-fourths  of 
itn  bulk  above  the  Murfaco  :  when  another  sphoro  half  as  large 
again  is  attaclted  t^)  the  first  by  a  string,  the  two  spheroH  float 
at  roHt  below  the  Hurface  of  the  fluid  ;  shew  that  the  Hpocific 
gravity  of  one  sphoro  is  G  times  grontor  than  '.hat  of  tJiu 
other. 
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(47)  A  piece  of  copper  (s.  g.^8-85)  weighs  887  grains  in 
water,  and  910  grains  in  alcohol ;  find  the  specific  gravity  of 
the  alcohol. 

(48)  A  uniform  cylinder,  when  floating  vertically  in  water, 
sinks  a  depth  of  4  inches  ;  to  what  depth  will  it  sink  in  alcohol 
of  specific  gravity  079  ? 

(49)  A  compound  of  silver  (so. -10-4)  and  aluminium 
(b.  g.  =  2"6)  floats  half  immersed  in  a  vessel  of  mercury  (s.  G.= 
13"5).,  What  weight  of  silver  is  there  in  lOlbs.  of  the  oom- 
pound  ? 

(50)  An  iron  rod  weighing  10  lbs.  is  supported  b  7  means  of 
a  string,  one-half  of  the  rod  being  immersed  in  water.  What 
force  is  exerted  by  the  string,  the  specific  gravity  of  iron  being 

7-8? 

(51)  A  piece  of  silver  weighing  1  oz.  in  air  weighs  "905  oz. 
in  water,  what  is  its  specific  gravity  ? 

(52)  Two  bodies  weighing  in  air  1  and  2  lbs.  respectively 
are  attached  to  a  string  passing  over  a  smooth  pulley ;  the 
bodies  rest  in  equilibrium  when  they  are  completely  immersed 
in  water.  If  the  specific  gravity  of  the  first  body  be  twice  that 
of  water,  find  the  specific  gravity  of  the  second. 

ih'X)  A  cylinder  9  niches  in  height,  specific  gravity  \,  floats 
in  water  with  its  axis  vertical ;  find  the  height  of  the  surface  of 
the  cylinder  above  the  surface  of  the  water. 

(54)    Shew  that  if  each  division  of  the  stem  of  the  common 

hydronieter  contains  — th  part  of  the  bulk  of  the  hydrometer, 

the  ratio  of  the  specific  gravities  of  two  fluids,  in  which  the 
hydrometer  floats  with  x  and  y  divisions  of  the  stem  out  of  the 
fluid  respectively,  is  equal  to  w  — y  -.ra  —  x. 

(56)  To  a  body  which  weighs  3  lbs.  in  air  a  piece  of  lead 
which  weighs  5|  lbs.  in  air  is  attached,  and  the  two  together 
weigh  1^  lbs.  in  a  fluid  whose  specific  gravity  is  4.  Find  the 
specific  gravity  of^the  body,  that  of  lead  being  11. 

(56)  A  substance  weighs  10  oz.  in  water  and  15  oz.  in  alco- 
hol, the  specific  gravity  of  which  is  "7947  times  that  of  water  : 
find  the  number  of  cubic  inches  in  the  substance,  taking  the 
weiglit  of  a  cubic  foot  of  watci-  as  1000  oz. 
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(57)  A  block  of  ice,  the  volume  of  which  is  a  cubic  yard, 
is  observed  to  float  with  7/^  ths  of  its  volume  above  the  surface, 
and  a  small  piece  of  granite  is  seen  embedded  in  the  ice  ;  find 
the  size  of  the  stone,  the  specific  gravities  of  ice  and  granite 
being  respectively  'OlS  and  265. 

(58)  A  cubical  block  of  wood  weighs  12  lbs. ;  the  same 
bulk  of  water  weighs  ."520  oz. ;  what  part  of  the  wood  will  be 
below  the  surface  when  it  floats  in  water  ? 

(59)  A  board  3  inches  thick  sinks  l^  inches  in  water :  what 
will  a  cubic  foot  of  the  same  wood  weigh,  if  a  cubic  foot  of 
water  weigh  1000  oz.  ? 

(60)  The  specific  gravity  of  beech-wood  is  'SS.  What  por- 
tion of  a  cubic  foot  of  that  wood'will  be  immersed  in  sea  water 
whose  specific  gravity  is  1  "03  % 

(61)  A  cubical  iceberg  is  100  feet  above  the  level  of  the 
sea,  its  sides  being  vertical.  Given  the  specific  gravity  of  sea 
water  =1  "0263  and  of  ice  =  "92I4,  find  the  dimensions  of  the 
iceberg. 

(62)  If  a  body  of  weight  W  float  with  three-quarters  of 
its  volume  inunersed  in  fluid,  what  will  bo  the  pressure  on  a 
hand  which  just  keeps  it  totally  immersed  ? 

(63)  Two  hydrometers  of  the  same  size  and  shape  float  in 
two  dirtercnt  fluids  with  equal  portions  above  the  surfaces  ;  and 
the  weigiit  of  oneliydrometer  :  that  of  the  other  ::  7»  :  7? ;  com- 
pare tlio  specific  gravities  of  the  fluida 

(64)  A  liydromoter,  loaded  with  40  grains,  sinks  4  inches 
lower  when  floating  in  a  fluid  whose  si>ecific  gravity  is  '3  than 
in  water  ;  without  the  weight  it  rises  in  tlie  water  one-twelfth 
of  an  inch  higiior  :  find  the  weight  of  the  hydrometer. 

(65)  If  the  volume  between  two  Buccessivo  graduations  on 
the  stem  of  a  hydrometer  be  ff^oxj''''  1*'"'^  of  its  whole  bulk,  and 
it  floats  in  distilled  water  witli  20  divisions,  and  in  sea  water 
with  w;  divisions,  above  the  surface;  find  tljo  specific  gravity 
of  sea  water. 

(66)  A  piece  of  lead  is  found  to  weigh  13  lbs.  in  water,  and 
when  a  block  of  wood  weighing  6lb».  is  attached  to  it  tlie  two 
Uiifcthor  weigh  S  lbs.  in  wiitor.  Kind  the  specific  gravity  of 
the  wood. 
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(67)  What  is  the  weight  of  a  hydrometer  which  sinks  as 
deep  in  rectified  spirits,  specific  gravity  %<a^,  as  it  sinks  in  water 
when  loaded  with  67  grains  ? 

(68)  The  weight  oi  a,  body  A  in  water  of  specific  gravity 
=  1  is  10  oz.,  of  anothe/  body  B  in  air  whose  specific  gravity 
=  •0013  is  15 oz.;  white  A  and  B  connected  together  weigh 
11  oz.  in  waie^:  show  tlOat  the  specific  griivity  of  B  is  10713. 

(69)  A  siihstance  k  ^ighs  20  oz.  in  water  and  25  oz.  in  alco- 
hol, the  specific  ^«%vity  of  which  is  7947  times  that  of  water  ; 
find  the  number  of  cubic  inches  in  the  substance,  taking  the 
weight  of  a  cabic  foot  <  i  water  as  1000  U2. 
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CHAPl'ER  V. 


On  the  Properties  of  Air. 

69.  The  thin  and  transparent  fluid  which  surrounds  us  on 
all  sides,  and  which  wo  call  the  Air  or  the  Atmosphoro,  is  a 
material  body  which  possesses  weight  and  resists  compression. 
We  can  prove  by  experiment  that  even  a  small  mass  of  air 
has  an  appreciable  weigiit,  by  exhausting  the  air  from  a  glass 
vessel  (by  a  process  which  we  shall  describe  in  the  next 
article).  Wo  then  find  that  the  vessel  weighs  loss  than  it 
weighed  before  the  air  was  taken  out  of  it 

That  the  air  resists  compression  is  evident  from  the  force 
required  to  drive  down  the  piston  of  a  syringe  when  the  open 
end  is  closed. 

Every  body  expo.sed  to  the  atmosphere  is  subject  to  a 
prcHBuro  of  nearly  15  pounds  on  each  square  in(!h  of  its 
nurfaco.  Wo  fool  no  inconvenieMco  fron»  tliis  great  iiressure, 
becauHt'  the  solid  parts  of  our  bodies  are  ruriiislied  with  incoiii- 
preHitil)le  fluids,  capable  of  MUpporllng  great  pressures,  while 
the  hollow  parts  are  filled  with  air  liko  that  \sliicli  Hurrouiuls 
UM.  Alito,  since  the  atmosphere  acts  equally  on  all  partti  of  our 
Uxiicit,  wo  have  no  diHiculty  in  moving. 
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70.     Hawkshee's  or  the  common  Air  Pump. 


A  B  and  DE  are  two  pistons  with  valves  opening  upwards, 
which  are  worked  up  and  down  two  cylindrical  barrels  by 
means  of  the  toothed  wheel  W  in  such  a  way  that  one 
piston  descends  as  the  other  ascends.  The  barrels  com- 
municate, by  means  of  valves  at  C  and  F  opening  upwards, 
with  a  pipe  leading  into  a  strong  glass  vessel  V  called  the 
receiver. 

Suppose  B  to  be  at  its  lowest  position  and  therefore  E  at 
its  highest  position.  Then  as  B  ascends  the  valve  at  B  closes, 
and  the  air  in  the  receiver  and  pipe  opens  C  and  expands 
itself  in  the  barrel.  As  soon  as  B  begins  to  ascend  E  begins 
to  descend,  the  valve  at  E  opens,  the  valve  at  F  remains 
closed. 

The  air  which  before  occupied  the  receiver  and  pipe,  now 
occupies  the  receiver,  the  pipe,  and  one  qf  tlie  barrels,  and  is 
therefore  rarefied. 

Now  let  the  wheel  be  turned  back :  then  as  E  ascends  the 
valve  at  E  closes  and  F  is  opened,  and  meanwhile  B  is  opened 
as  it  descends,  and  C  being  closed,  a  quantity  of  the  rarefied 
air  is  taken  from  the  receiver  and  pipe. 

This  process  may  be  continued  till  the  air  in  the  receiver 
i«  so  rarefied  that  it  cannot  lift  the  valves  at  C  and  F,  and 
then  the  action  of  the  instrument  must  cease. 


52 


ON  THE  PROPERTIES  OF  AIR. 


71.    Smeaton's  Air  Pump. 


1^ 


^ 


ILa 


/??? 


AC  is  a  cylindrical  barrel  communicating  with  a  strong 
vessel  D  called  the  receiver.  At  A  and  G,  the  ends  of  the 
barrel,  are  valves  opening  upwards. 

A  2)i8ton  with  a  valvo  B  opening  upwards  works  up  and 
down  the  barrel.  Suppose  the  piston  to  be  in  its  lowest 
position.  Then  as  the  ])iMton  ascends,  tlio  prossure  of  the  air 
being  removed  from  the  upper  surface  of  the  valvo  at  C,  the 
air  in  DC  opens  C  and  expands  into  the  barrel,  while  the 
valve  at  D  is  closed  by  the  pressure  of  the  atmospiiere. 

Thus  a  quantity  of  air  is  drawn  away  from  the  receiver. 
Ah  soon  as  the  piston  begins  to  descend,  the  valve  at  A  is 
closed,  n  opens  and  G  is  closed,  and  no  external  air  comes 
into  the  barrel  or  receiver. 


When  the  piston  again  ascends  the  air  in  the  barrel  i» 
AXCtLWi  drawn  out. 
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The  only  limit  to  the  exhaustion  of  the  air  by  this  pump 
arises  from  the  difficulty  in  making  the  piston  come  into  close 
contact  with  the  valves  at  A  and  C. 


Note.  The  advantage  of  Smeaton's  Air  Pump  is  that  since 
the  valve  at  A  closes  as  soon  as  the  piston  begins  to  descend 
it  relieves  B  from  the  pressure  of  the  atmosphere,  and  the 
valve  at  B  is  opened  by  a  very  slight  pressure  from  tlie  air 
beneath.  Hence  this  pump  is  capable  of  producing  a  greater 
degree  of  exhaustion  than  Hawksbee's. 

72.  To  find  the  density  of  the  air  in  the  receiver  of 
Sm«aton's  Air  Pump  after  n  ascents  of  the  pistou. 

Let  the  measures  of  the  capacities  of  the  receiver  and  the 
barrel  be  respectively  x  and  y. 

Then  the  air  which  occupied  the  space  whose  measure  is  x 
when  the  piston  was  at  C,  will  occupy  the  space  whose  measure 
\i  x-ity  when  the  piston  comes  to  A, 

.  density  after  one  ascent  _     x 
density  at  first         ~  x-\-y'' 


:.  density  after  one  ascent  =    — .  (density  at  first). 

Similarly, 
density  after  second  ascent  =         .  (density  after  one  ascent) 

=  \£^  •  ^density  at  first), 
and  so  on ; 
/.  density  after  »th  ascent-  (  —    )  •  (density  at  first). 

The  same  formula  is  applicable  to  Hawksbee's  Air  Pump, 
if  #  represent  the  measure  of  the  capacity  of  the  receiver  and 
pipe,  and  y  the  measure  of  the  capacity  of  each  of  tlto  barrel*, 
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73.    Tlte  Barometer. 


^Q 


B\3 


Tlie  Baroniotor  is  an  instrument  for  nieiisuring  the  pressure 
of  the  utmosphore. 

If  we  take  a  glass  tube  about  32  inches  long,  open  ut  A 
and  ciosoci  at  B,  ami  fill  it  with  mercury :  if  wo  then  ch>Ko  the 
end  A,  invert  the  tube,  place  it  in  a  vessel  full  of  mercury, 
called  the  basin,  and  then  remove  the  stoppage  from  A,  tlio 
mercury  in  the  tube  will  sink  a  little,  leaving  a  vacuum  in  BC, 
and  roHting  wlien  the  height  of  the  column  ('D,  that  fs,  the 
distance  of  the  surface  of  the  mercui7  in  the  tube  from  the 
surface  of  the  mercury  in  the  basin,  is  from  28  to  31  inches. 

That  the  column  CD  is  supported  by  the  proHsure  of  the 
atmoHithere  may  bo  shewn  by  placing  tlio  instrunumt  under 
the  receiver  of  lui  air  ptnnp.  Then  sus  the  air  Ih  exhauHU.Hi. 
the  mercury  will  Hink  in  the  tube,  luxl  if  all  the  air  could  be 
pumped  out  the  mercury  would  Hink  entirely  into  the  vessel. 
This  experiment  proves  that  the  pressure  of  the  air  on  the 
exjK>Hod  surface  of  the  mercury  in  the  basin  sustains  the  column 
uf  mercury  iu  the  lube. 
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74.  To  shew  t/iat  the  pressure  of  t/ie  atmosphere  is  ac- 
curately represented  by  the  weight  of  the  column  (if  mercury 
in  the  Barometer. 


Take  iu  the  surface  of  the  mercury  in  the  baain  an  area  HI 
equal  to  the  area  of  the  horizontal  section  of  the  tube  at  D. 

Then  urea  M=  area  of  the  base  of  the  column  of  mercury 
in  the  tube,  and  since  these  areas  are  equal  and  in  the  same 
horizontal  plane,  the  pressures  on  them  are  equal. 

Now  pressure  downwards  on  3/= atmospheric  pressure  on 
area  M,  and  pressure  downwards  at  Z>  =  weight  of  colunm  of 
mercury  CD. 

Therefore  the  atmospheric  pressure  ou  area  M  is  equal  to 
the  weight  of  the  column  of  mercury  CD. 

It  follows  then  that  the  atmospheric  pressure  on  any  area 
is  equal  to  the  weight  of  the  column  of  mercury  iu  the 
barometer,  having  the  same  area  for  its  base. 

Consequently  the  weight  of  the  column  of  mercury  in  the 
barometer  is  the  proper  representative  of  the  pressure  of  the 
atmosphere  ou  a  given  surface. 
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75.     Heuce   it   follows  that  the   height  of   the  colamn 
of  mercury    in    the    barometer    is    pro- 
portional  to  the  pressure  of   the    atmo- 
sphere. 


[f  then  we  have  a  vertical  tube  of  uni- 
form bore  filled  up  to  the  level  Z>  with 
mercury,  if  D  be  exposed  to  the  atmo- 
spheric pressure  and  if  M  be  some  other 
level  in  the  tube,  and  if  h  be  the  height  of 
the  barometric  column, 


D 


pressure  at  T>  _    weight  of  a  column  of  mercury  of  heiglit  A 
pressure  at  M  ~  weight  of  a  col.  of  mercury  of  height  (A  +  DM) ' 

_       h 


76.     To  find  tlie  Attnosp/ienc  Presture  on  a  Square  Inch. 

The  pressure  of  the  atmosphere  on  a  square  inch  is  deter- 
./nined  by  finding  the  weight  of  a  column  of  mercury  whoso 
base  is  a  square  inch  and  whose  height  is  the  same  as  the 
height  of  the  column  of  mercury  in  the  barometer. 

Taking  the  specific  gravity  of  mercury  as  136,  the  weight 
of  a  cubic  foot  of  distilled  water  as  lOOOoz.,  and  the  height  of 
the  barometric  column  at  the  level  of  the  sea  as  30  inches,  we 
have  pressure  of  atmosphere  on  a  square  incli 


■0 


30  xT  X  1  X  -—  X  13-6j  ounces, 


80X  1000  X  136 
■"    1728x10 

■  236^  uunoes, 


ounoes, 


-UfVflbs. 
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77.  In  estiinatin<?  the  pressure  at  a  point  in  the  interior 
of  fluid  exposed  to  the  atmospheiic  pressure,  we  must  add 
to  the  pressure  on  a  unit  of  area  containing  the  point  the 
atmospheric  pressure  on  a  unit  of  area. 

Suppose  for  instance  wo  have  to  find  the  pressure  at  a 
depth  of  100  feet  in  a  lake,  (1)  neglecting  atmospheric  pressure, 
(2)  taking  the  atmospheric  pressure  into  account. 

Take  a  square  inch  as  the  unit  of  area :  then 

(1)     Pressure  at  depth  of  100  feet  on  a  square  inch 

=  weight  of  a  column  of  water   1 00  feet  in 

height,  resting  on  a  base  of  a  square  inch 
=  weight  of  a  column  of  water  whose  cubic 

content  is(100xl2xlxl)  cubic  inches 

\1728  J 

1200x1000   . 

~   1728x16    ^''• 

=  43^  lbs. 
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(2;    Pressure  at  depth  of  100  feet  on  a  square  inch 
=  (43  70  + 1^)  ^^^-  nearly, 

29 
=  68=^  lbs.  nearl}'. 

78  The  Atmosphere  is  most  dense  at  the  surface  of  the 
Earth,  and  its  density  diminishes  with  its  height.  Hence  as 
one  ascends  a  mouutahi  the  weight  of  the  incumbent  air  is 
diminished,  and  the  mercury  in  the  barometer  sinks.  Thus 
the  barometer  furnishes  a  nieane  of  ascertaining  approximately 
the  height  of  a  mountain. 

79.  A  Barometer  might  be  formed  with  any  fluid,  but 
mercury  is  prefen-ed  to  other  fluids  because  of  its  great 
density.  A  Water-barometer  mustShave  a  tube  of  great 
length,  since  the  atmosphere  supports  a  column  of  water  more 
than  13  times  as  higli  as  the  column  of  mercury  supported  in 
the  mercurial  barometer. 
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80.  Tlie  pressure  of  a  given  quantity  of  air,  at  a  given 
temperature,  varies  inversely  OiS  the  space  it  occupies. 

The  following  proof  by  experiment  establishes  the  truth  of 
this  law. 

ABC  is  a  bent  tube,  cylindrical,  uniform  and  vertical  The 
branch  AB  is  much  longer  than  the  branch  BG.  The  ends 
fire  open. 

Mercury  is  poured  drop  by  drop  into  the  end  A  till  the 
surface  of  the  mercury  in  the  two  branches  stands  at  the 
same  level  at  P  and  Q.     The  end  C  is  then  closed. 

Then  the  pressure  of  air  in  CQ=the  atmospheric  pressure. 


-^ 


Lot  mercury  be  again  poured  in  at  A,  (the  effect  of  which 
Ih  to  compreM  the  air  in  CQ,)  till  the  surface  of  tiio  mercury  in 
the  shorter  branch  stands  at  //,  ha{^ay  between  C  and  Q. 

[t  Ih  then  found  that  the  inerniry  in  tlio  longor  branch 
will  stand  at  a  point  /J,  hucIi  that  the  length  of  the  column  of 
nicrcury  DM  (M  being  level  with  li)  is  exactly  equal  to  the 
hc'tKht  of  till*  banimeter  at  the  time  of  muking  theuxporlnicnt. 
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Now  pressure  at  M=  pressure  at  R. 

But  pressure  at  il/=  weight  of  column  of  mercury  DM 
+  pressure  of  atmosphere  at  Z>, 

=  atmospheric  pressure  +  atmosi)iieric 
pressure  =  twice  tlie  atmospheric 
pressure ; 


.*.  pressure  of  the  air  in  CR  -  twioe  the  atmospheric  pressure. 

Hence  the  pressure  of  the  air  in  CR  is  twice  as  great  as 
was  the  pressure  of  the  air  in  CQ. 

That  is,  wlien  tlie  given  quantity  of  air  in  CQ  lias  been 
compressed  into  }ialJ'W\Q  space,  the  pressure  of  the  compressed 
air  is  twice  as  great  as  it  was  at  first. 

81.  The  proof  given  in  the  preceding  Article  may  be  put 
in  a  more  general  form,  R  being  any  point  between  C  and  Q, 
thus  :— 

Let  mercury  be  again  poured  in  at  A  till  the  surface  of 
the  mercury  stands  at  Z>  and  R  in  the  branches,  and  let  ilf  be 
level  with  R. 

Then  it  is  found  that  if  the  spaces  CQ,  OR  successively 
occupied  bj  the  air  be  mea.surcii,  and  if  h  bo  the  height  of 
the  barometer  at  the  time  of  performing  the  experiment, 

space  CQ  _  h  +  DM 
space  CR  ~       h 

Now  it  is  clear  by  Art.  75, 

pressure  supporting  air  mCQ,  _       h 
pressure  supporting  air  in  CR  ~  h  +  DM* 

,  pressure  of  air  in  CQ     CR 
pressure  of  air  in  OR  ^  CQ' 
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Cor.     Hence  \Te  can  shew  that  the  elastic  force  of  air 
▼arics  as  its  density. 

For  since  the  same  quantity  of  air  is  confined  in   CQ 
and  CR 
density  of  air  in  <JR  :  density  of  air  in  CQ 

::  CQ  :  CR 

::  pressure  of  air  in  CR  :  pressure  of  air 
in  CQ. 

82.     T/ie  Condenser. 


Jl 


CI) 
(f 


h 


J  '^  is  a  cylindrical  barrel  with  a  valve  at  the  bottom,  C, 
opening  downwards  into  a  vessel  /?,  called  the  receiver.  A 
piston  with  a  valve  A,  opening  downwards,  works  in  the 
barrel. 

Suppose  the  piston  to  be  at  tln«  toi>  of  tiio  harrol.  When 
the  piston  descends,  the  air  in  the  barrel  being  coudonsed 
cloHCH  the  valve  at  A,  and  opens  the  valve  at  C.  Thus  the 
air  which  was  cont:iined  in  th'o  barrel  is  forced  into  the 
receiver.  When  the  piston  is  raised  again,  the  denser  air  in 
/i  ke()j)s  the  valvo  at  C  cloHe<l,  wliilo  the  pressure  of  the 
almoHpliero  opens  A,  and  the  barrel  is  refilled  with  at- 
niDHpherie  air,  wiiich  is  forced  into  the  receiver  at  the  next 
descent  of  the  piston. 

The  process  may  be  continued  till  the  required  quantity 
of  air  hiiH  \tw.n  forced  into  li. 
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83.  To  find  the  density  of  the  air  after  »  descents  of  the 
piston. 

Let  X  and  y  be  the  measures  of  capacities  of  the  receiver 
and  barrel  respectively. 

Then  the  air  which  occupied  the  space  whose  measure  is 
x  +  y,  when  the  pistun  wiis  at  the  top  of  the  barrel,  will  occupy 
tlie  space  whose  measure  is  x  when  the  piston  comes  to  the 
b^)ttom  of  the  barrel ; 

density  of  air  in  receiver  ufter  one  descent  _x->ry 

density  of  air  at  first  ~     x    ' 

/ 

tC  -^  v 
■.  density  of  air  after  one  descent  =  .  (density  of  air  at  first). 

tSimilarly, 

density  after  second  descent  =  — _— ^  .  (density  of  air  at  first) 
and  so  on ; 

•-  density  after  nth  descent  - '      '-  .  (density  of  air  at  first). 


Examples. — V. 

(1)  If  the  capacity  of  the  receiver  in  Smeaton's  Air  Pmnp 
be  ten  times  that  of  the  barrel,  what  will  be  the  exhaustion 
produced  by  six  strokes  of  the  piston  ? 

(2)  Find  the  pressure  of  the  air  in  the  receiver  of  an  Air 
Pump  after  two  strokes  of  the  piston,  the  volume  of  the 
receiver  being  eight  times  that  of  tlie  barrel. 

(3)  Find  the  ratio  of  the  volume  of  the  receiver  to  that  of 
the  barrel  in  the  Air  Pump,  if  at  the  end  of  the  third  stioke 
the  density  of  the  air  in  the  rcceixer  :  the  original  density 
:;  729  :   1000. 
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(4)  Is  it  necessary  that  the  section  of  the  tube  through 
whicli  the  mercury  rises  in  the  barometer  should  be  the  same 
throughout  1 

(5)  Assuming  that  a  cubic  foot  of  water  weighs  1000  oi. 
and  a  cubic  inch  of  mercury  weighs  7^  oz.,  find  the  pressure 
on  a  square  inch  at  a  depth  of  90  foot  below  the  surface  of  the 
seii,  when  the  barometer  stands  at  30  inches. 

(6,;  If  the  area  of  a  section  of  the  basin  of  a  barometer  J)e 
10  times  that  of  a  section  of  the  tube,  and  the  mercury  fall  l^ 
inches  in  the  tube,  find  the  true  variation  in  the  b';ight  of  the 
mercury,  and  draw  a  figure  representing  the  instrument. 

(7)  If  a  hole  were  made  in  the  tube  of  a  barometer,  what 
would  be  the  effect? 

(8)  If  the  weight  of  the  column  of  mercury  which  is  above 
the  exposed  surface  in  a  barometer  be  an  ounce,  and  the  area 

of  the  transverse  section  of  the  tube  „--  of  a  square  in^h,  what 
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is  the  pressure  of  the  atmosphere  on  a  square  inch  ? 

(9)  When  the  mercurial  barometer  stands  at  30  inches, 
what  will  bo  the  height  of  the  column  in  a  barometer  filled 
with  a  fluid  of  specific  gravity  3'4,  the  specific  gravity  of  mor- 
ctU7  being  13'6'< 

(10)  If  a  piece  of  iron  float  in  the  mercury  contained  in 
the  tube  of  a  barometer,  will  it  have  any  effect  on  the  indica- 
tion of  the  instrument  1  * 

(11)  If  a  body  were  floating  on  a  fluid,  with  which  the  air 
was- in  contact,  and  the  nir  were  suddenly  removed,  would  the 
body  rise  or  sink  in  the  fluid  ? 

(12)  What  would  bo  the  effect  of  admitting  a  little  air 
into  the  upiKjr  part  of  the  tubo  of  the  nuromoter? 

(13)  A  pipe  carries  ruin  water  from  the  top  of  a  houHo  to 
a  largo  tank,  tlio  Kurplus  water  in  which  escapes  through  a 
valve  in  the  toj)  which  riseH  freely.  A  weight  of  21  lbs  in 
placed  on  it,  and  it  is  foimd  that  the  water  rises  in  the  pipe 
to  the  hnight  of  20  feet  bcforo  the  vidvo  opens.  Find  its  urea, 
iWKuniin^  that  the  height  of  the  Wat-r  Haronieter  is  31  foot 
lUid  Uiu  utiuoHpheric  presr^nru  l5lbH.  on  the  miuuru  inch. 
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(14)  A  cylinder  filled  witli  atmospheric  air,  and  closed  by 
ftu  air-tight  [)iston,  is  sunk  to  the  depth  of  500  fiithoms  in  the 
sea;  required  the  compression  of  the  air,  assuming  the  specific 
gravity  of  sea-water  to  bo  1  027,  the  specific  gravity  of  mercury 
13'57,  and  the  height  of  the  barometer  30  inches. 

(15)  A  barometer  is  sunk  to  the  depth  of  20  feet  in  a 
l.ike:  find  the  consequent  rise  in  the  mercurial  column,  the 
specific  gravity  of  mercury  being  13*57. 

(16)  If  ii  body,  exposed  to  the  pressure  of  the  air,  float  in 
water,  prove  that  it  will  rise  very  slightly  out  of  the  water  as 
the  barometer  rises,  uud  sink  a  lilLle  deeper  as  the  barometer 
falls. 

t 

(17)  Water  floats  on  mercury  to  the  depth  of  17  feet  \, 
compare  the  atmospheric  pressure  with  the  pressure  at  a  point 
15  inches  below  the  surface  of  the  mercury,  taking  into  ac- 
count the  atmosplieric  pressure  on  the  surface  of  the  water, 
having  given  that  the  heights  of  the  mercurial  and  water 
barometers  ai-e  31)  inches  and  34  feet  respectively. 

(18)  Explain  clearly  why  a  balloon  ascends. 

(19)  Explain  how  it  is  that  a  bladder  filled  with  air,  will, 
if  conveyed  tiecp  enough  in  the  sea,  sink  to  the  bottom. 

(20)  What  would  be  the  height  of  the  column  of  mercury 
(s.  G.=  l.ioe)  corresponding  to  a  pressure  of  14  lbs.  2  oz.  on 
the  square  inch  \ 

(21)  A  cubical  vessel  full  of  air,  whose  edge  fequals  6 
inches,  is  closed  by  a  weightless  piston.  Find  the  number  of 
pDUuds  which  must  be  placed  on  the  piston  in  order  that  it 
may  rest  iu  equilibrium  at  a  distance  of  2  inches  from  the 
bottom  of  the  vessel :  the  pressure  of  the  atniosphero  being 
15  lbs.  on  a  square  inch. 

(22)  The  lower  valve  of  a  pump  is  30  feet  4  inches  above 
the  surface  of  the  .vater  t»  be  raised  :  find  the  height  of  the 
barometer  when  the  pump  ceases  to  work,  the  specific  gravity 
of  mercury  being  13' 6. 
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(23)  It  is  found  that  the  cork  of  a  bottle  is  just  driven  out 
when  the  pressure  nfthe  air  within  is  double  tliat  without ;  the 
bottle  is  then  filled  with  mercury  and  inverted,  and  it  is  again 
found  that  the  cork  is  just  driven  out.  Given  that  the 
barometer  was  standing  at  30  inches  at  the  time,  find  the 
height  of  the  bottle. 

(24)  Find  the  ratio  of  the  volume  of  t!io  receiver  to  that 
of  the  barrel  in  a  Condenser,  if  at  the  end  of  the  third  stroke 
the  density  of  the  air  in  the  receiver  :  its  oi-iginal  density 
::  3  :  2. 

(25)  A  hollow  cylinder  closed  at  the  upper  end  and  open 
at  the  lower  is  depressed  from  the  atmosphere  into  water,  its 
axis 'being  kept  vertical,  and  is  found  to  float  with  its  upper 
end  in  the  surface  of  the  water.  What  will  be  the  effect  on 
the  cylinder  of  an  increase  of  atmospheric  pressure  ? 

(2G)  If  the  volume  of  the  cylinder  in  a  Condenser  be  owo- 
fifth  the  volume  of  the  receiver,  find  the  pressure  at  any 
\Mvai  of  the  latter  after  20  strokes. 

(27)  The  pressure  at  the  bottom  of  a  well  is  double  that 
ut  the  depth  of  a  foot ;  what  is  the  depth  of  the  well  if  the 
pressure  of  the  atnu^phcre  be  equivalent  to  ;>0  feet  of  water  ? 

• 

(28)  A  cubic  foot  of  water  weighs  loOOoz. ;  what  will  be 
the  pressure  on  each  square  inch  of  the  base  of  a  cube  whose 
Bdges  aro  lo  inchc«,  when  filled  with  water  1 

(29)  A  cubic  foot  of  water  weiglis  1 000  ounces,  and  the 
pressure  of  the  air  on  a  K(piare  inch  is  23(5  ounces ;  find  the 
pressure  on  16  square  iuchou  at  a  depth  of  9  feet  below  the 

Hurfiicc  of  ;i  pond. 

1.."  If  .I'l,  /?,  C,  bo  tiircc  points  in  u  unilorm  fluid  at  re'^t. 
the  throe  point*  bein^;  in  the  Hiimo  vertical  line,  and  the  dif 
fereuce  of  the  prcssiircs  at  A  and  li :  dift\<renco  of  the  prcs- 
Mureii  at  A  and  C  uh  ;; :  </,  find  the  ratio  of  AH  to  BC 

(31)     Kxplain  the  prUicipIo  of  the  Air-guu. 
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(32)  If  the  area  of  tlio  basin  of  a  baromofcer  be  17  tiiiiea 
tliat  of  a  section  of  tlio  tube,  how  ought  the  stem  to  bo  gradu- 
ated in  order  that  the  reading  may  give  t!ie  true  height  of  the 
barometer  ? 

(33)  If  the  specific  gravity  of  mercury  be  13"57,  and  the 
weight  of  a  cubic  inch  of  water  2526  grains,  find  the  pressure 
of  the  air  on  a  square  inch  in  lbs.,  when  the  mercury  in  the 
barometer  stands  at  30'5  inches. 

(34)  If  the  tube  of  a  barometer  be  36  inches  long,  and,  on 
account  of  air  being  in  the  upper  part,  the  instrument  stands 
at  27  inches,  when  a  correct  instrument  stands  at  30  inches, 
what  length  of  tube  would  the  air  fill  when  reduced  to  atmo- 
spheric density  \ 

(35)  The  specific  gravity  ot  the  weights  employed  by 
jewellers,  for  weighing  precious  stones,  is  greater  than  that  of 
the  stones  themselves.  Is  it  more  advantageous  for  tlio  jeweller 
to  sell  stones  when  the  barometer  is  high,  or  when  it  is  low  ? 

(36)  A  tube  closed  at  both  ends  and  28  inches  long  is  half 
tilled  with  mercury,  the  remaining  portion  being  o(;:npied  with 
air  at  atmospheric  pressure,  [f  the  tube  be  [)lac.  d  in  a  verti- 
cal position  with  the  mercury  uppermost,  atid  the  upper  end 

.  be  opened,  find  how  far  the  mercury  will  siT'k,  tho  height^f  the 
barometer  at  the  time  beiuj;^  28  incheii. 


0   H 
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H     The  Diving  Bell. 


If  n  glass  be  invertnd,  and  with  its  month  horizontal  be 
pressed  down  into  a  bariin  of  water,  it  will  bo  seen  that  though 
Bomo  portion  of  water  ascends  into  the  gloss,  the  greater  part 
of  the  glass  is  without  water. 

This  is  caused  by  the  compression  of  the  air,  which  prevents 
the  water  O'oui  rising  in  the  glaSs. 

The  Di-ing  Boll  works  on  tlio  satiio  [)ri?i(i|>l<'.  A  heavy 
iron  chest  Ii(JEl>,  oj»on  at  l)E,  is  siispcndt^d  from  a  rope  A^ 
and  lowered  into  tho  wator,  with  its  open  end  downwurds. 
The  water  will  then  rise  till  tliu  air  in  the  chest  is  sultlcicntly 
compressed  to  prevent  tho  waU;r  from  rising  boyond  a  certain 
height  MN. 

Air  is  pumpod  in  occasionally  through  a  pipe  P,  and  the 
Impure  air  is  allowed  to  escape  through  another  pipe  Q. 
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86.     The  Common  or  Suction  Pump 


»< 


'^ 


./"S, 


A 


uv-i 


AB  is  a  cylindrical  barrel  in  which  a  piston  P,  with  a  valve 
opening  upwards,  is  worked  up  and  down  by  the  handle  R. 
liCh  a  pipe,  communicating  witli  the  barrel  by  a  valve,  open- 
ing upwards.  The  end  G,  which  is  pierced  with  a  number  of 
small  holes,  is  [)lac!ed  under  the  surface  of  the  water  which  is 
to  be  raised. 

Suppose  the  piston  to  be  at  the  bottom  of  the  ban'el. 
Then  when  the  piston  is  raised  the  valve  P  is  closed  by  the 
pressure  of  the  air  on  its  upper  sui-face,  and  there  being 
little  or  no  air  iu  PB,  the  valve  £  is  opened  by  the  action 
of  the  air  iu  BG,  and  as  it  continues  open  during  tlie  whole  as- 
cent of  the  piston,  the  air  in  BH,  the  part  of  the  suction-pipe 
above  the  surface  of  the  water,  expands  into  the  barrel,  and 
becomes  less  dense  than  the  air  which  presses  on  the  water 
outside  the  suction-pipe.  The  water  is  consequently  forced  up 
the  pii)e  by  tiie  pressure  of  the  atmosphere,  till  the  pressure 
downwards  at  B  is  equal  to  the  atmospheric  pressure. 

When  the  piston  descend.^  the  valve  B  closes,  and  the  air 
m  PB,  being  condensed,  opens  the  valve  P. 

Tliis  process  being  continued,  the  water  will  at  length  rise 
through  the  valve  B,  and  at  the  next  ascent  of  the  piston  a 
mass  of  wat'-r  v-ill  be  lifted  and  discharged  through  the 
spuut  1). 

6—2 
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The  distance  BIl  must  be  less  than  the  height  of  a  column 
ot  water  which  the  atmospheric  pressure  can  sustain,  that  is. 
less  than  32  feet. 


86.     The  Forcing  Pump. 


E 


J» 


JI 


AH  Jh  a  cyliiidjiwal  })arrol  In  wliich  a  solid  piston  P  \a 
worked  up  and  d()wn  the  Bpaci-  AF. 

BC  is  A  Buction-pipo  of  whtch  the  otid  C  in  j)lacod  under 
the  surface  of  the  water. 

1>E  iH  a  pipe  cotnniunioatinjf  with  the  ImiTol. 
At  J{  M\<\  J>  arc  valves  <»peniiitj  upwardH. 

Kup|io»o  the  pinUtn  to  Ikj  at  tlu!  hotU)in  of  iti»  range  in  the 
barrel..  Tl»uii  when  the  pinton  in  rained  the  valve  at  7^  remains 
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dost'il.  tlie  !iir  iu  Z>5^ expands  as  tlio  piston  rises,  and  the  air 
in  BH  opens  tiie  valve  B  and  expantls  into  the  liarrel.  The 
water  is  tlieretbro  forced  up  the  suction-pipe  by  the  pressure 
of  the  atmosphere. 

When  the  piston  descends  tlie  air  in  PFBD  is  condensed^ 
closes  tiie  valve  B,  opens  tlie  valve  D,  and  escapes  through  D. 

\\'hen  the  piston  ascends  again  the  water  rises  higher  in 
BC,  and  tliis  process  is  continued  till  the  water  rises  through 
B.  Then  the  piston  on  its  descent  forces  the  water  up  the 
pipe  DE. 


87.  In  order  to  produce  a  continuous  stream  through  the 
pi{>e  at  E,  tlie  pipe  is  introduced  into  an  air-tight  vessel  DH 
into  which  tlio  valve  D  (i-.eos. 


^ben  the  water  has  been  forced  into  this  vessel  till  it  rises 
above  O,  the  lower  end  of  the  pipe,  the  air  which  lies  between 
the  surface  of  the  water  in  the  vessel  and  the  top  of  the  vessel 
is  suddenly  condensed  at  each  stroke  of  the  piston,  and  by  its 
reaction  on  the  water  forces  it  through  tlio  pipe  OE'm  a  con- 
tinuous stream. 
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88.     The  Fire  Engine. 


This  machine  consistfl  of  a  donMo  forcinp-pnmp,  l)oth 
piunpH  coniinui»icutinf(  with  tliosamo  airvosHol  M. 

The  pipe  T  descends  into  a  reservoir  of  water. 

The  valves  opening  upwards  are  at  V,  V  and  /?.  Bf. 

/"is  a  fixed  beam  round  which  the  pistcm-rodH  work. 

The  water  is  dischnrgod  through  Lho  piiw  //. 
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89,     The  Lifling  Pump. 


1 1 — u 


AT 


-45  is  a  cylindrical  barrel  in  which  a  piston  with  a  valve.  ^ 
opeuiu*?  upwards  works,  the  piston  rod  passing  through  an  air- 
tiijlit  collar  at  A. 

BC is  the  suction-pipe  of  which  the  end  Cls  placed  under 
the  surface  of  the  water. 

DE  is  a  pipe  up  which  the  water  is  to  be  raised. 

At  D  and  B  are  v;dves  opening  upwards. 

The  water  will  be  brought  within  reach  of  the  piston  by  a 
process  similar  to  that  which  has  been  described  in  the  case  of 
tlie  other  pumps. 

Wlien  the  piston  ascends  lifting  water  the  valve  at  D  opens, 
and  tho  water  is  discharged  into  the  pipe  DE.  When  the 
piston  descends,  the  valve  at  D  closes,  and  prevents  the  return 
of  the  water  in  DE  into  the  barrel. 

Each  stroke  of  the  piston  increases  the  quantity  of  water  in 
DE,  and  thus  the  \witer  may  be  raised  to  any  height,  provided 
that  the  barrel  AB,  the  pipe  ED,  and  the  piston  rod  be  strong 
enough  to  boar  the  pressure  of  the  suDcrincumbent  column  oi 
•vater. 
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90.     The  Siphon. 

The  Siphon  is  a  bent  hollow  tube  of  uniform  bore,  having 
one  branch  longer  than  the  other.  The  tube  is  filled  with  fluid, 
the  ends  are  closed,  and  the  shorter  branch  is  placed  in  a  vessel 
containing  fluid  like  that  with  which  the  siphon  is  filled. 

"Let  the  plane  of  the  fluid's  surface  meet  the  branches  of  the 
siphon  in  H,  K. 

Then  if  the  ends  A,  C  be  opened  at  the  same  moment,  the 


fluid  will  flow  from  <^  in  a  cnntimions  stream  till  the  vessel  is 
emptied  down  to  tlie  lovcl  of  //,  provided  that  /?,  the  highest 
I)oint  of  the  siphon,  is  at  a  less  distance  above  the  surface  of 
the  fluid  than  the  height  of  a  column  of  the  fluid  which  the 
pressure  of  the  titmosphcre  will  sustain. 

To  exi)Iain  this,  consider  tlie  pressure  on  an  area  Z>,  equal 
to  the  area  of  a  iiorizontal  section  of  the  siphon,  in  the  surf^icc 
of  the  fluid  :  tlicn 

pressure  of  atmosplioro  at  If  in  direction  HB  ~  pressure 
on  area  />, 

proMure  of  atmosphere  at  Cin  diioction  (7fl  =  pressure 
on  area  D, 

:.  proHimro  of  atmosphcro  at  /flu  direction  //^  =  pressure 
of  atnioM|>h<!ro  ut  <^in  diro<;ti(m  C/i. 
Now  pressure  of  ntmosphcro  at  /f  is  diminislied  by  the 
weight  of  column  of  fluid  ////,  an<l  pnwstire  of  atmosphere  at 
Cin  (liminishcd  by  the  weight  of  column  of  fluid  /if\  and  since 
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the  column  BG  is  gi-eatcr  tlian  column  BH,  the  effective  pres- 
sure of  atmosphere  in  direction  HB  is  greater  than  WiQeffeclioii 
pressure  of  atmosphere  in  direction  GB,  and  therefore  the  fluid 
will  be  driven  by  the  effective  atmospheric  prestmre  in  a  con- 
tinuous stream  in  the  direction  HBO. 


yi.     On  intermitting  Springs. 

Intermitting  Springs  are  springs  which  run  for  a  time,  then 
stop  for  a  time,  and  then  b«g'»  to  j-uu  again. 

This  phenomenon  is  exi)lained  by  the  principle  of  the 
Siphon. 

Let  ^  be  a  reservoir  in  a  hill  in  which  water  is  gradually 
collected  through  fissures,  as  B,  G,  Z),  communicating  with  the 
external  air. 


Now  suppose  a  channel  MNR  to  run  from  A,  first  ascend- 
ing to  N  and  then  descending  to  R,  a  place  lower  than  the 
reservoir. 

As  the  water  collects  in  A  it  gi-a«iually  rises  in  the  chaimel 
to  N,  and  then  flows  along  NR,  and  by  the  principle  of  the 
Siphon  it  will  contintie  to  How  till  A  is  completely  drained. 
Then  the  flow  ceases  till  the  water  in  A  has  collected  suflicieut- 
ly  to  reach  N. 
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92.     Bramah's  Press. 

The  Hydrostatic  Press,  generally  called  Bramah's  Press,  ia 
a  machine  by  which  an  enormous  pressure  is  obtained  by  means 
of  water,  the  only  assignable  limits  to  its  power  being  the 
strength  of  the  materials  of  which  it  is  formed. 

^4  C  is  a  forcing-pump,  by  the  action  of  which  water  is  forced 
into  a  tube  BD,  which  has  a  valve  B  opening  inwards. 

.E  is  a  strong  cyUndrical  piston,  with  a  base  many  times 
larger  than  the  base  of  tlie  piston  A,  working  iu  a  water-tight 
collar  at  M,  N. 


Cf. 


w 


\ 


M 


J 


If 


A 


B( 


Botwoon  Ui»;  top  ol  the  pittton  K  and  a  flxeiJ  l»oam  FG,  a 
bal««  of  goods,  such  m  pa|H)r,  c«)tton  or  wool,  is  jilacod. 

Sup|M>HO  tliu  area  of  the  base  of  JJ  to  bu  2()U  tiiiius  that  of 
the  baiM)  of  A 

Thon  if  a  prcHsurc  of  100  lb.-*,  be  applied  to  A,  a  pri«sHiuo>)f 
(200  X  lOOylltH.  or  '20,00!»n»s.  will  broouvoyod  to  tlio  l>asi!  of  E. 

Thim  any  uiitount  of  ^prossiu'e  amy  bu  applied  («>  If,  cither 
by  incrcaMinu'  tlio  pr«mMiiru  applied  t<  A,  or  by  nmkiiig  thubasti 
of  ib'  lurgtu-  iu  couipariitoii  witli  llio  \nao  of  A. 
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EXAMPLKB. — VI, 

(1)  Wliat  will  be  \\\ii  effect  of  making  a  small  aperture  in 
the  barrel  of  a  Forcing  Pump?  If  the  piston  work  uniformly 
up  and  down  the  length  of  the  barrel,  ;^iid  a  small  ap«nture  be 
made  one- third  of  the  way  up  the  barrel,  how  much  more  time 
than  before  will  be  consunwd  in  filling  a  tank '/ 

(2)  If  the  upward  motion  of  the  piston  of  a  Common 
Pump  be  8topi)ed,  when  the  water  has  risen  to  the  height  of 
16  feet  in.  the  supply  pipe,  but  has  not  yet  reached  the  piston, 
find  the  tension  of  the  piston-rod,  the  area  of  the  piston  being 
4  square  inches,  luid  the  atmospheric  pressure  15  lbs.  on  the 
square  inch, 

(3)  What  would  be  the  eflfect  of  opening  a  small  hole  at 
any  point  in  the  Siphon,  first  above,  secondly  below  the  surface 
of  the  fluid  in  the  vessel  ? 

(4)  What  is  the  greatest  height  above  the  surface  of  a 
spring  over  which  its  water  may  be  carried  by  means  of  a 
siphoa-tube,  when  the  barometer  stands  at  29  inches,  the 
specific  gravity  of  mercury  being  13"57  ? 

(5)  What  would  take  place  in  a  siphon  at  work  if  the 
pressure  of  the  atmosphere  were  removed  ? 

(6)  Will  the  siphon  act  better  at  the  top  or  the  bottom  of 
a  mountain  ? 

(7)  Could  a  siphon  be  employed  to  pump  water  out  of  the 
hold  of  a  ship  floating  in  a  harbour  ? 

(8)  What  is  the  greatest  height  over  which  water  can  bo 
carried  by  means  of  a  siphon  when  the  mercurial  barometer 
stands  at  30  inches  ? 

(9)  If  the  ends  of  a  siphon  were  immersed  in  two  fluids  of 
the  same  kind  and  the  air  were  removed,  describe  what  would 
take  place. 

(10)  A  hollow  tube  is  introduced  into  the  bottom  of  a 
cylindrical  vessel  through  an  air-tight  collar  ;  and  a  large  tube, 
of  which  the  top  is  closed,  su-^pended  over  it,  so  as  not  quite  to 
touch  the  bottom  :  consider  the  eft'ect  of  gradually  pouring 
water  into  the  cylinder,  until  it  readies  tliu  level  ol  Uie  top  of 
the  inverted  tube. 
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(11)  A  siphon  is  placed  with  one  end  in  a  vessel  full  of 
water,  and  the  other  in  a  similar  empty  one,  both  of  whicii  are 
on  the  plate  of  an  air-i)ump.  As  soon  as  the  water  has  cover- 
ed the  lower  end  of  the  siphon,  a  receiver  is  put  on,  and  the 
air  rapidly  exhausted,  and  then  gradually  readmitted  :  describe 
the  effects  i)roduced. 

(12)  A  siphon,  filled  with  water,  has  its  ends  inserted  in 
vessels  filled  with  water  ;  state  what  will  take  place  when  the 
vertical  distances  of  the  highest  jwint  of  the  siphon  above  the 
surface  of  the  fluid  are  both  less,  both  greater,  and  one  greater 
and  the  other  leiis  than  tlie  height  of  the  Water-Barometer. 

(13)  AVhat  is  the  length  of  the  smallest  siphon  that  cai 
empty  a  vessel  2  feet  deep  ? 


CHAPTER  VII. 


Om  the  Thermometet, 


93.  The  general  consequence  of  imparting  heat  to  bodies 
is  the  expansion  of  their  volume. 

The  particles  which  compose  a  solid  body,  as  for  instance  a 
block  of  lead,  are  held  together  by  tho  force  of  cohesion.  It 
requires  a  force  of  great  magnitude  to  increase  or  to  decrease 
the  volume  of  a  block  of  lead,  though  lead  is  a  soft  metal. 
The  application  of  heat,  by  weakening  the  force  of  cohesion, 
reduces  lead  and  other  metals  to  a  liquid  state,  pushes  the 
particles  more  widely  apart,  and  thus  increases  the  volume  of 
the  bodies  to  which  it  is  applied. 

If  heat  be  applied  to  a  liquid,  as  water,  the  cohesion  of  the 
pai-ticles  is  weakened,  and  they  ultimately  acquire  a  tendency 
to  breal^  away  from  ench  other  and  assume  the  form  of  a 
vapour. 


If  heat  be  applied  to  an  elastic  fluid,  as  air,  it 
causes  it  to  expand.  Thus  if  a  bladder,  partly  full 
of  air,  be  placed  before  a  fire,  tho  air  will  expand 
and  distend  the  bladder. 

Again,  if  a  piston  P  exactly  fits  a  cylindrical 
tube  AB,  and  is  supported  by  the  condeii.sed  air 
ia  PB,  if  heat  be  applied  to  the  air  in  PB  it  will 
expand  and  raise  the  piston. 
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94.  The  Mercurial  Thermometer  is  an  instrument  con- 
structed to  measure  temperatures  by  means  of  the  extent  of 
the  expansion  or  contraction  of  mercury. 

It  consists  of  a  glass  tube  of  uniform  bore 
closed  at  A  and  terminating  at  the  other  end 
in  a  bulb.  The  bulb  contains  mercury,  which  ex- 
tends part  of  the  way  up  the  tube.  The  space 
between  the  mercury  and  the  top  of  the  tube  is  a 
vacuum. 

If  the  njercury  in  the  instrument  be  subjected 
to  an  increase  of  heat,  it  expands  and  rises  higher 
in  the  tube. 

A  vacuum  is  obtained  in  the  upper  part  of  the 
tube  before  the  end  A  is  closed  by  making  the 
mercury  in  the  instrument  boil,  so  as  to  expel  the 
air  through  the  opening  at  A,  which  is  then  her-  "~" 

metically  sealed,  and  the  mercury  sinking  as  it  cools  leaves  a 
vacuum  in  the  upper  part  of  the  tube. 

95.  To  grndimte  a  Tln'rmnmeter. 

The  jtortion  of  the  instrument  containing  the  mercury  is 
plunged  into  melting  ice :  the  mercury  shrinks,  the  colunm 
descends  and  finally  becomes  stationary.  The  point  at  which 
it  rests  is  marked;  it  is  the  freezivg  point  of  the  ther- 
mometer. 

The  instrument  is  next  placed  in  the  vapour  of  water  boil- 
ing under  a  given  atmospheric  pressure :  the  mercury  expands, 
the  column  rises  and  finally  becomes  stationary.  The  point  at 
which  it  rests  is  marked  :  it  is  the  hniling  point  of  the  tlior- 
momcter. 

The  sjKice  between  the  freezing  jioint  and  the  boiling  point 
is  divided  into  cqtiul  spaces,  called  degrees. 

In  the  Centigrade  Thermometer  freezing  point  is  marked 
0»an<i  lK)ilrng  jjoint  100". 

In  Fahrenheit's  Tliennonietor  freezing  point  is  marked  32" 
and  boiling  point  '212". 

In  Reaumur's  Thormomotor  freezing  point  is  marked  0'  and 
lx)iling  i>oint  80*. 

9fi.  Ihwinq  girnv  the  vnwhor  <\f  degree*  on  I'ahreti /ifii(\ 
Therwnmeter,  In  Jintf  the  e'lrrenpnnding  nuinhi'r  (\f  degreei 
OH  tlte  (JeiUigrnde  Thfrinnmtiter. 
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Let  AM\iQ  the  line  at  which  ttie  mercury  stands  at  freezing 
point, 

BN at  boiling  point. 


100 


w 


Gb 


MW 


-2L2 


-I'' 


Now 


Then 
^Jf  and  BNare  marked  0"  and  100"  on  the  Centigrade  scnle 
32"  and  212"  .- Fahrenheit 

Let  the  mercury  stand  {it  the  line  PQ,  and  suppose  the 
graduations  on  the  scales  to  be  C"  and  F*'  respectively. 

APMQ 
AB  ~  MN' 
G        ^--32 
***"  100^  212-32' 

C      F-32 
^^'^lOO"     180    ■ 
C  _F-32 
•"•  5  ~      9       ' 
and  from  this  equation  we  can  find  C  when  F  is  given  and  F 
when  G  is  given. 

97.    To  compare  the  scales  of  the  Centigrade  and  Reau- 
mur's Thermometer,  we  proceed  in  the  same  way,  putting  o", 
R,  80*  instead  of  32",  F,  212"  respectively,  and  we  obtain 
C  ^R 
100"  80' 
G     R 

Hence  the  three  scales  are  thus  connected, 
6^     .^-32     R 
5~      9      ~  4 ■ 
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98.  Tlie  follownng  examples  will  shew  liow  to  find  the 
number  of  degrees  marked  on  any  one  of  the  three  scales  when 
the  number  marked  on  one  of  the  other  scales  is  given. 

Ex.     (1)     What  reading  on  the   Centigrade  scale   corn.- 
aponds  to  66*  Falireulieit  ? 

G     i^-32 

audJ^=56, 
C_  56-32 
6"      9       ' 
.-.9(7=5x24, 

•  •  o—   g   -  i-'ai 

.*.  the  reading  on  the  Centigrade  scale  is  13^  degrees. 

Ex.  (2)  What  reading  on  the  Fahrenheit  scale  corresponds 
to  14"  Centigra<le  ? 

Since  G=  14, 

14_jP-32 
6  ~    .9       ' 
.-.  126  =  5^-160, 
.-.OF- 286; 

that  18,  the  rearling  on  the  Fahrenheit  scale  18  57^". 

Ex.  (3)  If  the  sum  of  the  readings  on  a  Centigrade  and  w 
RiMiumnr  be  90,  what  is  the  reading  on  each  ? 

Here  wt-  have  two  eqmitions,  from  whiph  we  can  find  ( 
and  A, 

«       4  ^^ 

C+JiT=90 (2); 


f7-«-4/t«=360  )  ' 


.-.  4/if"3liO-r)/^, 

•.  u/e=3«o, 

Aiid  m  U~40  and  C^HfK 
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ExAMPIiES.— VII, 

(1)  Givo  the  imniber  of  degrees  in  the  Centigrade  and 
Reauniur'H  scale  respectively  tlmt  coiTCspond  to  the  followuig 
readings  on  Fiilu'cnheit's  scale, 

(1)  30",  (2)  45",  (3)  56",  (4)  0",  (6)  -7",  («)  -45". 

(2)  Give  the  number  of  degrees  in  the  Centigrade  and 
Fahrenheit's  scale  respectively  that  con-espond  to  the  following 
readings  on  Rcauniur'.s  noale,   • 

(1)  5",  (2)  20",  (3)  0«,  (4)  -18«,  (6)  -64",  (6)  120". 

(3)  Give  tlic  number  of  degrees  in  Fahrenheit's  and 
Reaumur's  scales  respectively  that  correspond  to  the  following 
readings  on  the  Centigrade  scale, 

(1)  16",  (2)  45",  (3)  1100,  (4)  o«,  (5)  -15«,  (6)  -24». 

(4)  Is  it  necessary  that  the  section  of  the  tube  through 
which  the  mercury  rises  in  the  Thermometer  should  be  tl>e 
same  throughout  ? 

(5)  If  the  sum  of  the  readings  on  a  Centigrade  and  Fahren- 
heit be  60,  what  is  the  reading  on  each  ? 

(6)  At  what  temperature  mil  the  degrees  on  Fahrenheit 
bo  five  times  as  great  as  the  corresponding  degrees  on  the 
Centigra<le  ? 

(7)  At  wliat  point  do  Fahrenheit  and  the  Centigrade  mark 
the  same  number  of  degrees  ? 

(8)  Show  how  to  graduate  a  Thermometer  on  whose  scale 
2!)"  shall  denote  the  freezing  point,  and  whose  80th  degree  shall 
indicate  the  same  tem{)orature  as  80"  Fahrenheit. 

(9)  What  will  be  the  reading  on  the  Centigrade  when 
Fahrenheit  stands  at  78"  % 

(10)  The  sum  of  the  number  of  degrees  indicating  the 
same  temperature  on  the  Centigrade  and  Fahrenheit  is  88, 
find  the  number  of  degrees  on  each. 

(11)  What  reading  on  the  Centigrade  corresponds  to  49'' 
Fahrenheit  ? 

8.  u.  (> 
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(12)  What  would  be  the  iuconveuieuce  of  having  the  boro 
of  the  Thermometer  laj-ge  ? 

(13)  At  what  temperature  will  the  degrees  on  Fahrenheit 
bo  3  times  as  great  as  the  corresponding  degrees  Centigrade  ? 

(14)  The  numbers  of  degrees  indicated  at  the  same  instant 
by  a  Centigrade  and  a  Fahreulieit's  thermometer  are  as  5  :  17 ; 
determine  the  temperature. 

(15)  What  is  the  temperature  when  the  number  of  degrees 
on  the  Centigrade  is  as  much  below  zero,  as  that  on  Fahren- 
heit's is  above  zoi-o  ? 

(16)  One  Tliormometer  mai*ks  two  temperatures  by  9"  and 
10"  ;  another  Thermometer  by  12"  and  14";  what  will  the  latter 
mark,  when  the  former  marks  15"  % 

(17)  One  Thermometer  marks  two  temperatures  by  8"  and 
10*  ;  another  Thermometer  by  U"  and  14";  what  will  the  latter 
mark  when  the  former  mai'ks  16"? 

(18)  If  the  difference  of  the  readings  on  Fahrenheit  and 
Reaunmr  be  47,  >v^ab  are  the  readings  /  If  tlie  difference  in- 
crease by  a  given  number  of  deirrees,  liud  how  much  each  of 
the  thurmoiueters  hati  ruen. 
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Miscellaneous  Examples. 


99.  We  shall  now  give  a  series  of  examples  to  illustrate 
more  fully  the  principles  explained  in  the  preceding  Chapters. 
The  important  law  of  pressure  in  the  case  of  compressed  air, 
of  which  we  treated  in  Arts.  80,  81,  will  be  referred  to  as 
Marriotte^t  L(\w  *. 


Examples  worked  out 

1.  IVater  If  770  times  as  heavy  as  air.  At  what  depth 
in  a  lake  would  a  bubble  qf  air  be  cnrnpresxed  to  the  density 
of  water,  supposing  Marriotte's  law  to  hold  good  throughout 
for  compression? 

At  the  surface  the  density  =  that  of  atmosphere, 
and  33  feet  of  water  are  equivalent  to  one  atmosphere  ; 
.'.  at  depth  of  33  ft.  the  density  =  twice  atmospheric  pressure, 

: (2  X  33)  ft =  three  times 

(769x33)  ft =  770  times 

.\  the  density  will  be  equal  to  that  of  water  at  a  depth  of 
(769  X  33)  ft.  i.  e.,  25377  ft. 


•  It  was  proved  by  tlie  independent  researches  of  Marriotte,  a  Franch 
Phy-Rlcian,  and  Uoyle,  the  Enpri^H  Philosopher. 
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2.  A  body  weiglis  in  air  iQ\)i)grs.,  m  wiiter  300  grs.,  and 
in  another  liquid  AiQgrs.:  who!  is  the.  specific  gvatity  of  the 
i alter  Ivndd? 

In  water  the  body  loses  (1000- 300) grs..  i.e.  700 grs., 

in  other  liquid (1000 -420) grs.,  i.e.  580  grs.; 

.-.  equal  volumes  of  water  and  of  the  other  liquid  weigh  re- 
spectively 700  grs.  and  580  grs. 

.-.  measure  of  specific  gravity  of  other  liquid  ==  "8585714. 

3.  Taking  account  of  atmospheric  pressure^  and  taking 
Z^feet  as  the  height  of  the  water  barometer,  at  what  depth 
in  a  lake  is  the  pressure  twice  what  it  is  at  a  depth  of  one 
yard  ? 

Pressure  at  the  surface = weight  of  column  of  water  33  ft  high, 
Pressure  at  3ft.  depth  =  weight  of  column  of  water  36ft.  high; 
.•.  for  a  double  pressure  wo  must  take  .3(5  feet  lower,  that  is, 
3(J  feet  lower  than  3  feet,  or  39  feet  from  the  surface. 

4.  //  .flat  piece  'firon,  wttighing  \\lbs.,jLats  in  mercury; 

and  if  another  piece  qf  iron  of  like  density  weighing  2  -■  lbs. 

/.v  phtce.d  upon  it,  the  fl,at  piece  is  just  immersed.  Compare 
tlw  specific  gravities  qf  iron  and  mercury. 

Total  weight  of  iron  =  (  3  +  '2  "j,  j  lbs.  =  5  ^^|  lb«. 

The  volumes  of  the  part  immersed  and  of  the  whole  will  be 

as  the  weights,  that  is,  as  8  :  6  ^^ ,  or  as  78  :  135. 

.'.  up.  gr.  of  iron  :  up.  gr.  of  mercury  -  78  :  135, 

=  26  :     45. 

5.  Air  is  ri)v lived  in  a  ajlinder  surnwunted  by  a  piston 
without  Wright,  whose  area  is  a  square  foot.  What  weight 
must  be  pltwfd  on  the  piston  that  tlic  volume  qf  air  may  /«? 
reduced  /"  hil^f  Hji  dimensions  f 

by  Miirriotte'n  law  tho  air  when  reduced  to  half  Its  volume 
will  have  double  its  original  prcsMiire.  Ilenco  taking  15 lbs. 
pflr  squiire  Inch  an  tlio  original  atinoHjdicric  presHuro,  it  be- 
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comes  30  lbs.  per  square  inch  below  the  piston.  But  the  at- 
mosphere still  exerts  a  pressure  of  15  lbs.  per  square  iuch 
above  the  piston.  Therefore  a  pressure  of  15  lbs.  iDoro  per 
square  inch  is  required  to  keep  the  jjiston  at  rest. 

.'.  weight  required=(15  x  144)lbs.  =  2160  lbs. 

6.  Jf  the  c(q)acity  of  the  receiver  of  an  air-pump  he  10 
times  that  of  the  barrel,  shew  tluil,  after  3  strokes  of  the  piston, 
the  air  in  tlie  receiver  will  haee  lost  nearly  one-fourth  of  its 
density. 

By  the  formula  of  Art.  72,  if  p^  and  p„  be  the  densities 
originally  and  alter  the  n""  stroke,  and  It  and  B  be  the  capa- 
cities of  the  receiver  and  barrel, 

Po     \R  +  b)' 

•*  Po  "  VrO-^-l/        1331' 

,       ..    ,     ,      /  ,      10()0\  331  1 

.-.  density  lost-  ^1  -  j— j  p„=  j^po  -  ^po nearly. 

7.  A  Mock  of  wood  i  s.  o.  "  j  weighing  156  lbs.  is  float- 
ing in  fresh  water.  What  weight  placed  on  it  will  »ink  it  to 
the  level  of  the  water  ? 

Let  ir=the  weight  in  lbs. 

Then  x  -1- 156  =  weight  in  lbs.  of  water  displaced  by  volume 
of  wood  alone, 

=  169; 
/.  jr  =  (169-156)lbs  -13lbs. 

8.  In  a  mixture  of  two  Jlaids,  of  which  the  specific  gra- 
vities are  3  amd  5  respecticely,  a  body,  whose  8.  G.  is  8,  loie* 
half  its  weight.     Compare  tits  volumes  mixed. 

Weight  lost -weight  of  fluid  displaced, 

=     weight  of  body  whoso  s.  Q.  is  8^ 

.•.  8.  Q.  of  the  uiixture  is  4. 
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And  siuce  the  separate  specific  gravities  are  3  and  5,  Avhile  the 
sp.  gr.  of  the  mixture  is  4,  the  fluids  must  be  mixed  in  equal 
volumes. 

a.    A  censel  (if  water  hcu  for  its  horizontal  section  a  rect- 
angle 6  feet  by  2  fe^.    A  substance  weighing  550  lbs.  is  im- 
mersed in  it,  and  the  water  rises  8  inches.    Find  t/ie  specific 
ravity  of  the  substance. 

Sectional  area=  12  square  feet. 

Volume  of  substance  =  (  12  x  -  j  cub.  ft. 

=  8  cubic  feet; 

/.  8  cubic  feet  of  the  substance  weigh  550  lbs. ; 

550 

.-.  1  cub.  ft -—  lbs.,  or  6876  lbs. 

b 

Also,  a  cubic  foot  of  water  weighs  62'6  lbs*, 

.*.  sp.  gr.  of  hubatance—  — r—  =1'1. 

10.  A  cylinder  floats  in  a  fluid  A  with  one-third  qf  itt 
axis  immersed,  and  in  another  B  with  three  four tlis  of  its 
aa-is  immersed.  Hoio  deep  will  it  float  in  a  fluid  which  is  a 
mixture  of  equal  volumes  if  A  and  Bf 

Sp.  gr.  of  ^  :  sp.  gr.  of  JS  =-  ^  :  ^ , 


.*.  up.  gr.  of  mixture  of.cqual  vohiraos  =  —^  =6'6. 

If  therefore  the  body  has  „  of  its  axis  immersed  in  a  fluid 

of  H.  o.  9,  when  it  is  inimoi'scd  in  a  fluid  of  s.  a.  6'5  the  part 
inimerMod  iH  obtained  from  the  following  relation,  whore  x  is 
the  pui't  intmursed, 

.  I  1 

''A       6 

•••'"  T"'=ia' 

"2 
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100.    We  sliiil!   now  give  a  set  of  easy  Examplea  to  be 
worked  by  the  student  by  way  of  practice. 


EXAMPIES. — VIII. 

1.  An  iceberg  (s.  g.  •925)  floats  in  sea-water  (s.  o.  1-025). 
Find  tlie  ratio  of  the  part  out  of  the  water  to  the  part  im- 
mersed. 

2.  A  body  floats  in  a  fluid  (s.  g.  -9)  with  as  much  of  its 
vohime  out  of  the  fluid  j^s  would  bo  immersed  if  it  floated  in  a 
fluid^(s.  G.  ri).     Find  the  specific  gravity  of  the  body. 

3.  Find  the  Fahrenheit  Temperatures  corresponding  to 
-40"  and  +350"  Centigrade. 

4.  The  capacities  of  the  barrel  and  receiver  in  a  Smea- 
ton's  air-pump  are  as  1  :  3.  A  barometer  enclosed  in  the 
receiver  stands  at  28  inches.  What  will  be  the  height  after 
tlu-oo  ujjward  strokes  of  the  piston  ? 

5.  Two  hydrometers  of  the  same  size  and  shape  float  in 
two  different  fluids  with  equal  portions  above  the  surfaces,  and 
the  weight  of  one  hydrometer  :  that  of  the  other  =  1  :  p. 
Compare  the  specific  gravities  of  the  fluids. 

6.  A  man  weighing  10  stone  10  oz.  floats  with  the  water 
up  to  his  chin  when  he  has  a  bladder  under  each  arm  equal  in 
size  to  his  head  and  without  weight.  If  his  head  be  on»- 
twelftii  of  his  whole  bulk,  find  his  specific  gravity. 

7.  At  what  height  does  the.  water  barometer  stand  when 
the  mercurial  barometer  stands  at  28  inches  (s.  g.  of  mercury 
-13-6)? 

8.  What  degree  Centigrade  corresponds  to  27"  Fahren- 
heit? 

9.  A  man  6  feet  high  dives  vertically  downwards  with  hi« 
hands  stretched  18  inches  beyond  his  head.     What  depth  has 

ho  reached  when  the  pressure  at  his  fingers'  ends  is  -  that  at 
liis  feci  i 
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10.  A  string  will  bear  a  strain  of  10  lbs,  7oz.  Determine 
the  size  of  the  largest  piece  of  eorK  (s.  G.  '24)  which  it  can  keep 
below  the  surface  of  mercury  (s.  g.  i;j*6). 

11.  In  De  Lisle's  Thermometer  the  freezing  point  is  150" 
and  the  boiling  point  zero.  What  degree  of  tills  thermometer 
corresponds  to  47*  Fahrenheit  1 

12.  Cork  would  float  in  n  atmospheres.  Find  n  (s.  g.  of 
air  and  cork  being  "0013  and  '24). 

l.i.     An  elastic  body  of  s.  G.  "5  is  compressed  to^^^r — ■—  of 
'  20+ 4» 

its  natural  size  by  immersion  n  feet  in  water. .  At  what  depth 

will  it  rest?  , 

14.  If  the  body  in  Question  13  weigh  lOlbs.,  what  are  the 
magnitudes  and  directions  of  the  forces  which  will  keep  it  in 
equilibrium  at  depths  (a)  5  feet,  and  ()8)  30  feet? 

16.  At  what  depths  will  the  force  required  to  keep  the 
>K)dy  in  Questions  13  and  14  at  rest  be  1  lb.? 

I  ().  At  what  temperature  are  the  readings  on  Reaumur. 
Centignule  and  Fahrenheit  pro{)<»rtional  to  4,  ."5,  25  ? 

17.  At  what  temperature  is  the  sum  of  the  readings  on 
Reaumur,  Centigrade  and  Fahrenheit  212  ? 

15.  A  body  (8.  o.  2'6)  weighs  22 lbs.  in  vacuo  and  aiiothei- 
body  (s.  0.  7*8)  weighs  n  lbs.  in  vatiuo ;  and  their  apparent 
weights  in  water  are  equal.     Find  //. 

19.  Find  the  specific  gravity  of  the  Ihiid  in  which  the 
apparent  weights  of  1  lb.  of  one  substance  (s.  o.  3)  and  3  lbs.  of 
unothur  MubHtance  (s.  o.  2  25)  are  equal. 

20.  Kquul  vohtiues  of  two  substiuices  (s.  a.  2*7  and  (>'l)  are 
immersed  in  water  and  balance  on  a  straight  levor  71  inches 

ong.     Find  the  |H>Bition  of  the  fulcrum. 

101.  Wo  proceed  with  some  examples  of  somewliat  greater 
difficulty  "than  those  already  given. 

NoTK.     We  shall  aHsume  that  the  volume  ul'  u  sphere  in 

,-  fff*.  r  l)eiitg  the  radi<u 
0 


M ISC  EL  LA  NE  0  US  EX  A  MPLEit. 


89 


Examples  worked  out. 

1.    Sheie  how  the  depth  of  the  descent  In  a  Diving  BM 

tan  he  delenninedfrom  observations  on  the  barometer. 


Let  ABhQ  the  surface  of  the  water,  CD  the  water  level  in 
the  bell  at  the  end  of  the  descent. 

Now  pressure  at  CD  is  equal  to  pressure  throughout  the 
upper  part  of  the  bell,  and  is  tlierefore  equal  to  the  pressure 
due  to  atmosphere  +  weight  of  column  of  water  {x-\-y)  ft.  high. 

Menee  if  aS'  be  the  measure  of  the  specific  gravity  of 
mercury,  and  h,  h'  tlio  measures  of  the  heights  of  the  mercu- 
rial column  at  surfiice  of  the  water  and  at  the  bottom, 

measure  of  pressure  at  CD  —  hs  +  (x  +  y)  x  1. 

But  measure  of  pressure  at  CZ)= A'«  ; 

.'.  hs+a!+y  =  h's, 

.'.  x  =  {h'—h)s—y. 

Now,  by  Marriotte's  law,  if  a  be  the  measure  of  the  height 

of  the  bell, 

y     h  h 

-=^„   or,  y  =  ^,a; 

.•.  x-(h'  —  h)s—   '  a. 
h. 
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•2.  What  must,  he  the  least  size  in  aibicfeet  of  an  inflated 
balloon,  that  it  may  rise  from  the  earth  when  filled  icith  gas 
whose  specific  gravity  compared  icith  that  of  air  is  'OS.  the 
weight  of  a  cubic  foot  of  air  being  "S  grains,  and  the  collapsed 
haUoon  car  and- contents  weighing  alti>gether  550  lbs.  P 

Takitig  1  as  the  measure  of  the  specific  gravity  of  air, 

ami  V  oftliovolunieof theinflatedballoon. 

weight  of  inflated  balloon,        )     ,  „.     „     „. 

}-=(-08x  rx-3)gr8. 
neglecting  weight  of  envelope,  J 

weight  of  air  displaced  =(^Vxl)  grs.  =  Fgi-s. 

Now  I  cubic  ft.  of  air  weighs  "3  grs., 

.-.  r  -sFgrs.; 

.'.  ascensional  force  =  (3 T-  08 V.x  3) grs. 
=  (-92x-3r)gr8. 

.-.  -92  X -3  r=  550x7000, 

•  r=  ^^^ ""  '^^^^  cub.  ft. = 8072-5  cub.  ft.  nearly. 

•  •  -92  X  -3 

3.  The  weight  of  a  globe  in  air  is  W,  and  in  water  w  : 
find  it»  radius,  supposing  s  and  a  to  be  the  specific  gracitiet 
f]f  water  and  air. 

Let  ^  =  radius  of  globe,  and  P  =  weight  of  globe  in  vacuo. 

4 
Then  volume  of  globe  =  l  irR* ; 

...  p_^ff/e='a-  W (1), 

P-*7r^ir=fl>  (Di 

Henoe,  wibiracting  (2)  from  (1), 


n.'j\l 


3      ^^} 

4ff  ■  s-a  r 
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4,  How  deep  must  a  cylindrical  diving  belU^  Mbmerged 
to  as  to  he  just  half  full  of  water  f 

At  first  the  bell  is  full  of  air  of  ordinary  deiwity. 

When  the  bell  is  half  full  of  water,  the  a.r  is  compressed 
into  half  its  original  volume,  and  therefore  the  density  is 
doubled. 

But  the  additional  density  is  entirely  duc  to  the  weight  of 
a  column  of  water  33  feet  high. 

Hence  when  the  surface  of  the  water  in  the  bell  is  33  feet 
below  the  upper  surface,  the  bell  will  be  h«lf  full  of  water. 

5.  A  spherical  balloon  is  to  he  formed  of  a  material,  oj 
irliich  the  thickness  is  k,  and  specific  gravity  relatively  to 
itir  S  .*  if  it  befitted  with  gas  of  specific  gravity  d,  prove  that 
i>)  order  t/tat  it  may  ascend  the  extrevfie  radius  m,ust  exceed 


\b-d)  ' 


Let  a?  =  extreme  radius. 
Then  x-k  =  interior  radius. 

4 

.•.  weight  of  envelope  alone=  - tt {«■—  {x—  k)')  i ...  (1), 

o 

4 
gas -n{x-Kfd (2), 


4 
air  displaced  ...  =-7r,r'x  1 (3). 


The  balloon  will  not  ascend  unless  the  sum  of  (1)  and  (2)  be 
^s  than  (3). 

4  4  4 

•.  ^n{a^-{x-Kf)b-^-Tr{x-Kfd—-Trx^\e8&  than  0; 

:.  a!» (8 - 1)  less  than  (a?- <c)»  (d- rf), 
.-.  ^Veaterthan(^^)*. 

.M -;^ greater  than  (1^^)* 
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X 


.:  X  greater  than 


(s^d) 


6.  For  two  given  temperatures  tlie  readings  of  one 
thermometer  are  w*  and  m"  and  of  another  v"  and  \f 
respectively.  Wluit  will  be  the  reading  of  the  latter  wlien 
the  former  gives  /"  / 

(n  -  m)  (leg.  of  the  Ist  are  equivalent  to  (>/  -  /*)  deg.  of  the  2ii(l. 

1        l8t *'"'*    2nd. 

n  —  m 

.-.       I'       l8t (-"---)  ^ 2nd. 

\n~m/ 

7.  A  globe,  2  feet  in  diameter,  when  floating  is  half  im- 
mersed in  water  ;  what  is  its  weight  f 

The  globe  must  be  half  as  heavy  as  water. 

4 
Now  volume  of  globe=  „  «•  cubic  feet, 
o 

and  1  cull.  ft.  of  water  weighs  62*6  lbs. 

.'.  -IT  cub.  ft.  of  water  weigh  (  62  26  x  „- J  lbs. ; 

.-.  weight  of  globe  =  .  (  62"26  ^  „  )  lbs. 
=  130*9  lbs.  nearly. 

8.  A  spluire  whose  radius  is  6  incfues  and  toeiffht  ?5  /t« 
is  suspevUnI  by  a  strin<j.  Required  the  tension  qf  tht  nfn'ng 
ufht'H  t/ie  sp/iere  is  wholly  immersed  in  water. 

Volume  of  uphero  ^     n  (  j  cub.  ft.=  ^  v^«l»  ft- 

Weight  of  water  displaced  ^{Z* fi20^  Ibn. 

A  iensloii  of  Htring  -  (36- ^  x  <>-"5  j  Ibn. 
-1 2'27ft  Urn.  Hourly. 
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9.  A  pipe  15  feet  long,  closed  at  the  upper  extremity,  is 
placed  vertically  in  a  tank  of  the  same  height,  and  the  tank  is 
JUled  with  water.  Prove  thai  if  the  height  of  the  water 
barometer  he  ^2ft.  9in.,  the  water  will  rise  3ft.  9  in.  in  tfi^ 
tttbo. 

Let  aT= measure  of  height  to  which  the  water  rises  in  feet. 

Then  15- a?  =  measure  of  space  filled  with  air. 

By  Marriotte's  law,  the  pressure  of  the  air  inside  may  be 
represented  by 

''     X33?.        • 


15-a;  4 

*  But  this  pressure  is  also  represented  by  the  measure  of  a 
column  of  water  33  -  ft.  +  a  column  (15  -  a;)  ft. 

.-.  33f+15-;r  =  -^x33^ 
4  15-«     -      4 


or 


,    255        /255\'' 


60625 
64    ' 


265         225 

8  8    * 

.'.  «    60ft    or  3?ft. 
4 

The  first  result  is  evidently  impossible. 

10.  If  a  lighter  fluid  rest  upon  a  heavier,  and  their 
specify  gravities  be  s  and  s',  and  if  a  body  whose  sp,  gr.  is  v 
rest  with  V  of  its  volume  in  the  upper  fluid  and  V  in  the 
lower,  shero  that 

V  :   V'^^-(T  :  <r-s, 
weight  of  body  -  weight  of  fluid  displaced, 

.-.    r((r-#)  =  f-(«'-<r;, 
.-.    V  :    V'^s'-tr  :  tr-t. 
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Examples.  —IX. 

1.  Equal  volumes  of  gold  (s.g.  19 '4)  and  silver  (a.o.  10'4) 
balance  on  a  straight  lever,  (1)  in  vacuo,  (2)  in  water,  (3)  in 
mercury  (s.o.  13"5).  Find  the  ratio  of  the  arms  and  position 
of  the  fulcrum  in  each  case. 

2.  An  inclined  plane  is  immersed  in  a  fluid  (s.G.  3)  "and  a 
body  (s.G.  7)  weighing  7  lbs.  in  vacuo  is  supported  on  the  plane   ^ 
by  a  horizontal  force  of  3  lbs.    Find  the  ratio  of  the  height  and 
base  of  the  plane. 

3.  A  balloon  filled  with  Hydrogen  (s.  o.  -07)  just  rises  in 
air  (8.O.  1).  The  balloon,  exclusive  of  the  Hydrogen,  weighs 
lOcwt.  If  a  cubic  foot  of  air  weigh  1*3  oz.,  find  the  voluma  of 
Hydrogen  in  the  balloon,  neglecting  the  volume  of  all  else. 

4.  If  the  balloon  in  Question  (3)  rise  and  rest  with  its 
barometer  at  three-fourths  of  its  original  height,  how  much 
gas  must  have  been  expelled,  and  how  much  ballast  thrown 
out? 

6.  Explain  why  the  gas  kod  ballast  in  Question  (4)  are 
expelled. 

8.  A  cylindrical  vessel  is  made  of  wood:  the  exterior 
radiuu  is  4  inches  and  the  interior  3  inches,  the  thickness  of 
the  bottom  one  inch,  and. the  height  of  the  cylinder  9  inches. 
It  floats  in  water  when  the  bottom  is  3  inches  below  the  sur- 
face. Find  the  specific  gravity  of  the  wood  and  the  depth  to 
which  it  will  sink  when  a  small  hole  is  made  in  the  bottom. 

7.  A  piece  of  ice,  supportuig  a  stone,  floats  in  a  vessel  of 
water.  Will  any  change  take  place  in  the  level  of  the  water 
as  the  ice  molts  ? 

8.  Shew  that  in  a  cylinder  immersed  as  iI^QucHtion  (25) 
pa^  64,  the  depth  of  tlio  interior  surface  below  the  exterior  is 
%  mean  proportional  hctwecn  tlio  height  of  the  water  in  the 
cylinder  and  that  of  the  water  barometer. 

9.  A  cubical  water-tight  box,  whoso  edge  is  I  foot,  is  sunk 
to  a  depth  of  m  fathoms  in  the  sea.  Find  the  proiwure  on  the 
top. 

Would  it  make  any  difTerenoe  in  the  circumstanoe*  of  the 
boi  if  it  wore  not  water-ti<{ht  7 
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10.  An  elastic  air-tight  bag  has  forced  into  it  air  sufScieut 
to  fill  19  bags  of  the  same  original  size.  To  wliat  depth  must 
it  be  sunk  in  the  water  that  it  may  return  to  its  original  size, 
the  height  of  the  water-barometer  being  34  feet  ? 

11.  A  vcs:isel  made  of  thin  heavy  material  and  containing 

7 
a  cubic  foot  of  fluid,  the  specific  gravity  of  which  is  - ,  floats  iu 

water,  the  surfaces  of  the  water  and  the  fluid  being  in  the 
same  horizontal  plane.  Find  the  weight  of  the  vessel  when 
empty. 

12.  In  Question  (11)  if  some  more  fluid  of  the  same  kind 
be  poured  into  the  vessel,  will  the  surface  of  the  fluid  or  that 
of  the  water  be  the  higher  ? 

13.  A  cylinder  30  inches  long  is  comjlosed  of  lignum  vitse 
in  its  lower  half  and  cork  in  its  upper  half,  and  floats  vertically 
in  water.  If  the  specific  gravities  of  lignum  vitae  and  cork  be 
1*1  and  '25  respectively,  shew  that  the  cylinder  will  float  20'25 
inches  deep. 

14.  Two  pieces  of  cork,  both  small  but  the  volume  of  one 
tliree  times  that  of  the  other,  are  connected  by  a  thread  three 
feet  long  passing  round  a  fixed  pulley  at  the  bottom  of  a  tank 
of  water  2  feet  deep.  Supposing  the  specific  gravity  of  cork 
to  be  -25,  shew  that  in  tiio  position  of  equilibrium  the  smaller 
piece  will  be  totally  innnersed  and  the  larger  piece  half 
immersed. 

15.  Two  reservoirs  of  water  at  different  levels  are  separated 
by  a  solid  embankment,  and  a  bent  iron  tube  of  adequate  length 
is  placed  with  an  end  in  each.  If  the  barrel  of  an  air-pump 
be  screwed  into  an  aperture  at  the  top  of  the  tube,  she^v  that 

'generally  after  sufficiently  working  the  air-pump  the  water  will 
flow  through  the  tube  from  the  higher  reservoir  to  the  lower. 
Under  what  circumstances  will  this  fail  to  take  place  ? 

16.  Two  bodies,  of  equal  volume  are  placed  one  in  each 
scale-pan  of  a  Hydrostatic  Balance,  and  are  then  immersed  iu 
two  liquids  which  are  such  that  the  bodies  just  balance  each 
other ;  the  liquids  aj-e  then  interchanged,  and  it  is  found  that 
the  bodies  balance  when  one  of  them  is  just  half  immersed. 
Find  how  much  of  the  heavier  body  must  be  immersed  in  a 
liquid,  composed  of  eq  il  volumes  of  the  two  liquids,  so  tliut  it 
may  just  balance  the  b  hter  not  immersed. 
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17.  A  sipbon  ABC,  each  branch  of  whicli  is  less  than  30 
inches  long,  is  filled  with  mercury  and  both  ends  are  stopped. 
It  is  then  placed  with  the  end  ^  in  a  bowl  of  mercury  and  the 
end  C  in  a  bowl  of  water,  the  surface  of  the  mercury  being 
lower  than  that  of  the  water  and  higher  than  the  end  G.  If 
the  ends  be  simultaneously  unstopped,  shew  that  mercury  will 
flow  through  the  tube  into  the  water  provided  that  / 

,  be  greater  than  - , 
z  p 

z,  z'  being  the  respective  depths  of  the  end  C  below  the  planes 

of  the  surfaces,  and  p,  p  the  respective  densities  of  mercury 

and  water. 

18.  The  air-vessel  of  a  force-pump  is  a  cylinder  of  height  c, 
whose  section  A  is  the  same  as  that  of  the  piston  :  the  water 
lias  to  be  lifted  to  height  h  of  the  water-barometer  above  the 
bottom  of  the  air-vessel,  by  means  of  a  pipe  of  section  a  and 
lieight  h  :  if,  when  the  pump  commences  working,  the  water  be 
just  l)elow  the  valve  in  the  air-chamber,  find  after  how  uiany 
stroljcs,  each  of  length  I,  of  the  piston,  the  water  will  be  at  the 
top  of  the  pipe. 

19.  A  cylinder  whose  heiglit  is  8  inches,  is  floating  with 
its  axis  vertical  and  its  base  6  inches  below  the  surface  of 
water  :  a  weight  of  6  lbs.  when  placed  on  the  top  of  the  cylin- 
der just  brings  the  upper  surface  to  the  level  of  the  water. 
Find  th«  weight  of  the  cylinder. 

20.  Wiioii  two  metals  are  mixed  in  equal  volumes  they 
form  a  compound  of  specific  gravity  9  ;  when  they  are  mixoil 

w 

in  equal  weights  they  form  a  compound  of  specific  gravity  8  -; 
find  the  specific  gravities  of  the  metals. 

21.  A  cylindri(;iil  jar  can  just  sustain  a  pressure  of  lOf)  lbs. 
to  the  square  inch  without  breaking,  antl  an  air-ti-'lit  piston 
which  fits  the  jar  is  thnist  down  and  comprcKses  tiie  air  in  the 
jar.  Kind  the  hci),'ht  of  the  jar,  supposing  it  to  burst  wlien  the 
piston  is  an  inch  from  the  bottom  of  tlio  cylinder,  the  pressure 
of  atniimpberic  air  l>oing  16  lbs.  to  the  Hquaru  inch. 

22.  In  Biuouton'fl  air-pnnip  if  there  bo  communication  with 
a  condonsor  through  the  upper  valve,  and  the  capacity  of  the 
cylinder  be  half  that  of  oitlicr  receiver  lompare  the  pros.MurcH 
in  the  receivers  after  two  desccntM  anc  ascents  of  tlie  pistou. 
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Notes. 


1.  Law  II.,  given  on  page  4,  can  be  deduced  from  Law  I., 
but  ^e  method  of  reasoning  is  not  adapted  to  an  elementary 
treatise. 

2.  On  page  15  the  construction  of  the  cylinder  and  lines 

6,  7,  8,  9  are  not  necessary  to  the  proof,  for  it  follows  at  once 
from  Art.  34  that 

fluid  pressure  at  .^4  =^  fluid  pressure  at  B. 

3.  On  page  24  it  might  *he  clearer  if  we  inserte-l  the  sign 
X  or  the  word  times  between  VS,  and  (unit  of  weight)  in  line 

W  ' 

7,  also  between    ^  and  (unit  of  specific  gravity)  in  h'nc  14, 

and  so  in  several  other  cases  in  pages  24  and  25. 

4.  The  first  sentence  in  page  63  is  not  quite  correct:  it 
might  better  stand  thus:  "The  exhaustion  of  the  air  is  re- 
tarded by  the  difficulty  of  making  the  piston  come  into  close 
contact  with  the  valves  at  A  and  C,  and  it  must  always  be 
limited  by  the  weight  of  the  valve  C." 

6  Tlie  Aneroid  Barometer  is  so  called  because  no  liquid 
(a  privative  and  vqpoi  "moist")  is  used  in  its  construction. 
A  metal  cylinder  about  an  inch  in  height,  closed  by  an  elastic 
piece  of  metal,  is  exliausted,  and  as  the  metal  covering  rises  or  is 
(ieprossed,  according  to  the  changes  of  atmospheric  pressure, 
it  sets  in  motion  hands  like  those  of  a  watch  connected  with 
it. 

6.  In  reading  the  descriptions  of  the  Pumps  in  pages 
67 — 71  the  student  must  be  careful  not  to  derive  any  erro- 
neous notions  from  the  uee  of  the  words  Suctio'n-\n]}Q.  It 
is  retained  (perhaps  not  wisely)  as  a  technical  term,  con- 
venient for  distinguishing  the  lower  part  of  the  pumps  from 
the  barrel 

7.  In  the  description  of  the  Siphon  on  page  72  it  is  said 
to  be  of  umfnrm  bore.  This  is  not  essential  to  the  working 
of  the  instrument,  but  it  conduces  to  the  regular  action  ot  it, 
and  renders  the  explMnat-if)n  more  simple. 

8.  H.  7 
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It  is  also  stated  on  page  72  that  the  longer  branch  must 
be  outside  the  vessel.  Tliis  is  not  necessary,  for  the  instru- 
ment will  work  with  the  shorter  branch  outside,  provided 
that  the  extremity  of  that  branch  be  below  the  surface  of 
the  fluid. 

8.  To  the  Thermometers  it  might  be  well  to  add  that 
which  is  called  De  Lisle's.  This  is  much  used  in  Russiau 
scientific  operations.  In  it  the  boiling  point  is  marked  0",  and 
the  freezing  point  150". 

9.  It  should  be  carefully  observed  that  the  freezing  point 
of  a  Thermometer  is  found  by  placing  the  instrument  not  in 
freezing  water,  but  in  melting  ice. 
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Examples  1 .    (page  8.) 

1.    56|  tong.        ±    30  tons.        3.     29629-62§  lbs. 

4.  1  oz.  5.     1  oz. 

6.    The  area  of  a  circle  whoso  radius  is  r  is  tt/*"^,  and  tak 
ing  ^  as  an  approximate  value  of  tt,  the  answer  is  5587  J]^  cwt 

Examples  II.    (page  18.) 

1.     20  lbs.        2.    37,%  lbs.        3.     7:6.         4.     9:8. 

5,  10  feet.  6.     12  lbs.  7.     9lb«. 

8.  Iton  7cwt.  3qrs.  17  lbs.         9.     11  lbs.  12|oz. 

10.    22500  lbs.         11.    1125^3  lbs.        12.     J  of  its  height 

13.  Since  the  external  pressure  on  the  cork  incre'Oiea 
with  tlie  depth,  while  the  internal  pressure  is  cotislant,  the 
cork  will  bo  forced  in  when  the  former  exceeds  the  latter. 

14.  12.itous.  15.     18  feet. 

Examples  III.    (page  27.) 

I.     165  lbs.  2.     18:1.  3.     7|^oz.        4.    -8. 

*01f?n  *" 

5.    6oz.        6.     iMoz.         7.     -  — .        8.     7-776. 
^^  m 

9.  1-16.  10.     -844,  11.     14. 

3  5 

12.  -cub. in. :  -cub. in. 

4  4 

13.  Volumes  as  1  :  2,  weights  as  i  :  4.  14.     2 : 1. 

15.  2J|.  16.     2.  17.     9-325. 
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18.  If  rf,,  rfg,  d^  be  the  measures  of  tlie  densities  of  the 
fluids,  and  d  be  the  measure  of  the  density  of  tljo  mixture, 
d.^-^d  —  di  —  d^. 

19.  8-241...         20.  -802...    21.     18-41.         22.     I'Sl.. 

23.     313.  24.     8-6...  oz. 

26.     The  volumes  ai-e  as  57  : 1,  tlie  weights  as  2223  :  97. 


E.KAMPLES  IV.    (page  42.) 

1.    3S.        2.    507870  tons.        3.    three-fourths. 

4.    4dwt8.  20jf  grs.       5.     4.     6.     3  times  weight  of  tub. 

5''  65 

7.    two-thirds.        8.    r^oz.        9.     757:  oz.        10.    3oz. 

11.     42  OS.         12.     -^oz.         13.     -lbs.         14.    3*5. 
36  o 

i6.     ^.         16.     '.         17.    ^.         IS.     17f.       19.      2f. 

20.     -.         21.      ^^.        22.     2.         23.     47.ilb8. 
19  2731 

24.     12  feet  25.     -66. 

26.  Because  the  specific  gravity  of  salt  water  i-s  greater 
than  that  of  fresh  wn  tcr. 

27.  'I'*  inches.  28.     1728.  29.    7  lbs.  9^0/,. 
63 

30.     Edge  of  cube  is  2  feet  31.    5J^. 

heightjj^ltrianglo  33     j  .  ^  ^^^„  ^^^^^  .^ 

^^  ^/3 

downward*  ;  3  :  4  when  vertex  is  upwards.        34.    16  lbs. 

36.     76,        30.    2  inches.        37.     9.        38.     235 '"ch. 

3ft.     4  lbs:  40.     3  lbs.  -Jl.     95  lbs. 

42.     u.-,  (tr, - tf)  :  Wj^fflj-ir).  43.     Increased,  if  the 

wood  bo  lighter  thai  water.        44.     8  :  2.         4.).  \'\. 

47.    jiA^?  or  H  nearly.  48     6,^  inches. 

49.    S^bs.        50.     y^Jlbs.        51.     10{}{         52.     13, 
63.    6   inches.  •'>fi-     H 

ftfl    '"'^*^".ub  in  57.    --.„ofa  cubic  yard. 

2053  ^'''' 
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S.     '-  (.f  volume.        59.     750  oz.        60.     nr;  of  a  cub.  ft. 
5  103 

61      9  ;6302461  687  cub.  ft.  nearly.         62.     — .         63      m  :  n 

64.     920  grains.       66.     l^^V  ^i' 1 '0272  nearly.      66.      54 
67.    433  grains,  69.    42^^  cub.  in. 


Examples  V.    (page  60.) 

(10\*  64   , 

-  j  times  original  density.      2.    —  times 

original  pressure.  3.    9  :  1.  4.    No  .  because  the 

pressure  varies  with  the  depth  alone;  so  that  if  the  section 
varied  there  would  still  be  equal  vertical  increments  of  space 
for  equal  increments  of  pressure.  5.     53j  lbs. 

6.    1 J^  inches.  7.    The  mercury  would  fall  to  the 

level  of  the  surface  in  the  cup.       8.     14625  lbs.      9.     10  feet. 

10.  No  :  because  a  volume  of  mercury  equal  to  that 
displaced  by  the  iron  will  descend  and  allow  the  iron  to  take 
its   place    without    disturbing    the    general    upper    surface. 

11.  Sink:  see  answer  to  (16).  12.  The  mercury 
would  descend  a  little.  13.  2"38  square  inches.  14.  "OlOS 
of  original  volume.  15.  1  ft.  5^^r}-!  in.  16.  When 
the  floating  body  is  partially  immei-scd,  both  air  and  water 
are  displaced :  but  the  absolute  weight  of  floating  body  =  weight 
of  displaced  fluids,  which  must  therefore  be  constant :  there- 
fore when  the  barometer  rises,  there  must  be  a  less  water 
displacement,  i.e.  the  body  rises :  while  any  decrease  in  the 
atmospheric  pressure  (when  the  barometer  falls)  will  necessi- 
tate an  increased  water  displacement,  and  therefore  the  body 
then  sinks  a  little.                17.     1:2.               20.     28'8  inches. 

21.     lOSOlbs.  22.     26  If  inches.  23.     5  feet. 

24.    6  :  1.  25.     The  air  will  be  compressed  inside,  and 

so  displace  U  ss  water :  and  since  it  floated  originally,  it  will 
now  sink,  because  the  weight  of  displaced  fluid  is  now  less  than 
the  weight  of  the  body.  26.     5  times  original  pressure. 

27.    32  ft.  28.     5V^oz.  29.    4776  oz. 

:.0.     AB  :  BC--p  :  q-p  32.     The  space  between  zero 
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point  and  any  graduation  ought  to  be  less  than  the  sput( 
indicated  by  the  number  placed  against  that  graduation  i. 
the  ratio  of  17  :  18.  33.     14-935  lbs.  neaily. 

34.     ,0  of  an  inch.        35.  Low.       SOi.    4t  iuches. 


Examples  VI.    (page  75.) 

1.  It  mil  increase  the  time  of  filling  the  receiver,  sinc<. 
the  only  effective  work  would  be  done  by  the  descending 
piston,  after  passing  the  hole.  It  will  fill  the  tank  in  3  times 
the  original  time.  2.    27^  lbs. 

3.  (a)  If  tlie  hole  be  below  the  level  of  short  end,  m 
oflFect. 

O)  If  above  this  level  but  still  in  the  long  branch,  all 
the  fluid  in  this  branch  below  the  hole  will  descend,  and  all 
above  in  the  same  branch  will  ascend  causing  the  remainder 
of  the  fluid  to  flow  through  the  short  branch,  till  the  siphon 
is  emptied. 

(y)  If  in  the  short  branch,  all  the  fluid  below  the  hole 
is  this  branch  will  descend  ;  all  above  in  the  same  branch  will 
ascend  and  flow  through  the  long  branch,  emptying  the 
siphoa. 

(d)  If  at  the  top  of  the  siphon,  the  fluid  will  descend 
in  each  branch  and  empty  the  siphon. 

4.  32 ft.  953  in.  or  32  79410 feet.  6.  The  fluid  would 
descend  in  each  branch  aiul  the  siphon  be  emptied. 

6.  Equally  well  at  both,  if  the  siphon  be  not  too  high. 

7.  No:  because  the  hold  is  loicer  than  the  surface  in 
harbour. 

8.  33  ft.  iriin.  <J.  If  the  air  be  removed  from  the 
siphon,  the  fluids  would  first  ascend  in  eoclt  branch  and  after- 
wards dow  as  usual.  10.  The  water  woulil  rise  in  the  in- 
verted tube  as  iiigh  as  the  top  of  the  inserted  tulie  and 
aftvrwurds  How  out  of  it  11.  First,  the  water  would  soon 
cooJK)  to  flow.  Secondly,  it  would  rise  in  each  bniiich,  and 
afterwards  flow.  12.  (m)  The  water  will  flow  into  the 
lower  vebsol.  (/9)  The  water  will  descend  in  each  branch  till 
it  stands  at  34  feet  above  each  surface,  (y)  The  same  as  (uX 
13.     h^ieh  branch  2  feet. 
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Examples  VII.     (page  81.) 

1.  (1)  -!*•;  -r      (2)  If;  H'.      (3)  m';  m*- 

(4)  - 1 7^" ;   - 14§«.       (6)  -  2!^ ;   - 1 7 J».      (6)  -  42 J" ;  -  34%'. 
2.     (l)6i»;43i«.     (2)  25";  77".     (3)0»;32».    (4)  -22f ;  -8*'. 

(5)  -80»;   -112».         (6)  150";  302'.  3.     (1)  60f ;   12f. 
(2)  113";  36*.        (3)  230»;  88».       (4)  32»;  0».        (5)  6»;   -12*. 

(6)  -11-}*;  -19J».       4.    Yes:  if  the  graduations  are  to  be 
uniform.        5.     10"  Cent,  and  60"  Fah.        6.     10"  Cent,  and 

4 
50"  Fah.        7.     -40«.        8.    Make  each  degree  ^  ths  that  on 

0 

Fahrenheit.        8.    25|».       10.    20«  Cent.,  68"  Fah.       11.    9*» 

12.  The  graduations  would  be  inconveniently  small. 

13.  80"  Fah.        14.    20«  Cent.,  6S»  Fah.        15.    -1  If  Cent., 

1  If  Fah.       16.    24".       17.    23".       18.    59"  Fah.,  120  Reaum.; 

9d  Ad 

if  ^  be  the  number  of  degrees,  Fah.  rises  —  and  Reaum.  — . 


ExAMPLKS  VIII.  (page  87.) 

1.     4:37.  2.     '495.  3.     -40»and662«. 

4.     11-8125  inches.  6.     \  :  p.  6.     r08S. 

7.     31ft.  8-8  in.        8.     -2J«.  9.    22^  ft 

10.    ^^<^v\y.it.        11.     137i».  12.    ?^. 

13.     10  feet  14.    (a)    2  ^  lbs.  downwards ; 

O)    2  ^  lbs.  upwards.  15.    7  ^  ft.,  and  13  ^  ft 

16.    60"  Fahrenheit  17.    122"  Fahrenheit 

9 


19.    2. 

17 


end. 


Examples  IX.  (page  94.) 


I.     (1)  52  :  97.  (2)  47  .  92.  (3^   31  :  59. 

In  (3)  fulcram  i8  at  one  end,  and  gold  between  falcrum  and 
silver. 
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«      o     .  o     10x112x16,,  ^      1    .,, 

2.     3:4.  3.   Y^ ^  ^-    3  of  the  gas 

has  been  expelled,  aud  -  of  the  whole  weight  thrown  out. 

5.  Gas  to  preserve  equilibrium  of  internal  and  external 
pressures  on  the  balloon.  Ballast  to  preserve  equilbrium  of 
certical  pressures  on  the  balloon. 

2  4 

6.  Sp.  gr.  =  „ .     Height  immersed  =  5  -  inches. 

o  7 

7.  No  change  will  take  place  till  the  stone  falls  from  the 
ice,  it  will  then  displace  less  water  than  before,  and  the  sur- 
face will  consequently  sink. 

9.  Taking  a  cubic  foot  of  water  to  weigh  1000  oz.,  the 
resultant  pressure  is  .JOOOO  lbs.  The  pressure  would  be  the 
fame  inside  as  outside. 

11.     126  oz.  12.    The  fluid 

2AI 
30.    10  and  8.  21.     11  inchei. 


10. 

102  fathoms 

•Tirface. 

16. 

I           .8. 

19. 

10  lbs. 

22. 

33  :  & 

teachers'  professional  works. 
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No  better  proof  of  the  excellence  of  this  book  can  be 
given  than  the  followinR  qnotation  from  the  Ediica- 
tianal  Times,  the  orcan  of  the  College  of  Preceptors, 
England,  and  tbo  bigbest  authority  on  educational 
matters  in  Great  Britain : — 

"This  is  tbe  ■work  of  a  Caniidian  Teacher  and  Inspector, 
whoso  name  is  honorably  known  beyond  the  bounds 
of  his  native  province,  for  liis  exertions  in  develop- 
ing iind  promoting  tbiit  adiuiriible  system  of  public 
instruction,  which  has  placed  tho  Dominion  of 
Can.,  '..i  80  high,  as  regards  education,  not  only 
among  tbe  British  Colonies,  but  among  the  civilized 
nations  of  the  world.  We  know  of  no  work  in  this 
country  that  exactly  occupies  tbe  place  of  Dr. 
McLellan's,  which  is  not  merely  a  text  book  of 
Algel)ra,  in  the  ordinary  sense,  but  a  Manual  of 
Methods  for  Teachers,  illustrating  tbe  best  and  most 
recent  treatment  of  algebraical  problems  and  solu- 
tions  of  every  kind. 

"  Teacliers  w)io  wish  to  lay  a  good  foundation  for  their 
pu]ulR  before  proceeding  to  the  higher  brandies  of 
Mathematics,  will  do  well  to  obtain  Dr.  McLolhin's 
volume,  which  contains  within  a  smnll  compass  one 
of  the  best  collections  of  modern  algebraical  problems 
'gathered  from  tbe  works  of  the  great  masters  of 
analysis,'  which  has  come  under  our  notice  for  a 
considerable  time." 

FRANCE. 

From  one  of  the  ablest  living  Mathomatlcians,  Monsieur 
Paul  Mansion,  Professor  of  Matlicniatics  in  the  Uni- 
verHity  of  Ghent,  Assistant-Editor  of  "  Nouvello  Cor- 
respondence Matbomntiquo,"  and  Editor  in  Chief  of 
"MntbiKOH,"  Ac.  His  writings  have  twice  been 
crowned  l)vtho  Koynl  Acndoniy  of  Helgium,  and  ho 
was  aWMrdf'd,  in  IhT'J.  (Jroiit  Prize  in  Mnthonnitionl 
Science.  He  saysof  the  Hand-Hook:— "I  have  found 
tbo  NVork  of  M/McT.cllaii  extremely  well  aibipted  to 
its  purpose.  Itisotioof  thoce  rare  works  that  fullM 
all  the  proniiHCR  o(  tlie  preface.  I  havtf  OHjx^olally 
a«1niiro(i  tbo  skilful  way  In  wliich  he  has  orought 
within  the  compais  of  Elementary  Algebra  a  class 
of  nuohtions,  wliich  wo,  in  our  Erenob  and  German 
boolcR,  only  Introduce  Into  tbe  parts  exclusively 
tauRht  in  Cnivorsitlps." 
New  and  ntvi»«d  Edition  n,  Kr\i  to  Htmdbook,  now 
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